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CHAPTER I 
INTRODUCTION 
R e c e n t l y  t h e r e  h a s  b e e n  c o n s i d e r a b l e  i n t e r e s t  i n  e x p l o r i n g  t h e  
p l a n e t  J u p i t e r  (1-5). To do t h i s  s u c c e s s f u l l y ,  i t  will b e  n e c e s s a r y  
to send a s p a c e  p r o b e  i n t o  J u p i t e r ' s  a t m o s p h e r e ,  w h e r e  o n e  m u s t  b e  
a b l e  t o  p r e d i c t  t h e  h e a t  t r a n s f e r  t o  t h e  p r o b e .  T h i s  r e q u i r e s  a 
knowledge  o f  t he  compos i t ion  o f  t he  Jov ian  a tmosphe re  and  of the 
thermodynamic condi t ions i n  the  shock  and  boundary  l aye r s  su r round-  
i n g  t h e  p r o b e .  
The  Jovian  a tmosphere  i s  t h o u g h t  t o  c o n s i s t  m a i n l y  of a m i x t u r e  
of hydrogen (Hz) and hel ium (He) ,. b u t  t h e  e x a c t  r a t i o  is n o t  known 
(6-8) . 
To h e l p  p r o v i d e  a d d i t i o n a l  w o r k i n g  k n o w l e d g e  f o r  t h e  d e v e l o p m e n t  
of J o v i a n  a t m o s p h e r i c  p r o b e s ,  t h e  t h e r m o d y n a m i c  p r o p e r t i e s  o f  a hydrogen- 
h e l i u m  p l a s m a  f o r  c o n d i t i o n s  c o m p a r a b l e  t o  t h o s e  t h a t  t70Uld exist i n  
t h e  s h o c k  l a y e r  o f  p r o b e  e n t e r i n g  t h e  J o v i a n  a t m o s p h e r e  h a v e  b e e n  
ca l cu la t ed   and   t abu la t ed .   The   p l a sma   p rope r t i e s  are l i s t e d  f o r  temp- 
e r a t u r e s  r a n g i n g  f r o m  10,000" t o  100,000"K a n d  f o r  d e n s i t i e s  f r o m  10 
to 10 gram/cm . T h e   t a b l e s  are a r r a n g e d   a c c o r d i n g   t o  the mass f r a c t i o n  
o f   hydrogen .   Tor   t hese   t he rmodynamic   cond i t ions ,   t he   hydrogen   mo le -  
c u l e  i s  u n i m p o r t a n t ;  c o n s e q u e n t l y ,  t h e  p o s s i b l e  s p e c i e s  i n  t h e  p l a s m a  
are hydrogen  and  he l ium a toms,  s ing ly  and  doubly  ion ized  he l ium,  and  
e l e c t r o n s  a n d  p r o t o n s .  
-10 
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T h e  p l a s m a  p r o p e r t i e s ,  t a b u l a t e d  v e r s u s  t e m p e r a t u r e  f o r  a s p e c i f i c  
dens i ty   and   hydrogen  mass f r a c t i o n ,  i n c l u d e  t h e :  1) e l e c t r o n i c  p a r t i t i o n  
f u n c t i o n s  o f  a t o m i c  h y d r o g e n ,  a t o m i c  h e l i u m ,  a n d  s i n g l y  i o n i z e d  h e l i u m ;  
2)  Debye radius;  3)  ave rage  molecu la r  we igh t ;  4 )  r e d u c t i o n  i n  t h e  i o n -  
i z a t i o n   p o t e n t i a l ;  5) n u m b e r   o f   e l e c t r o n i c  states of  hydrogen,  helium, 
a n d   s i n g l y   i o n i z e d   h e l i u m ;   6 )   c o m p r e s s i b i l i t y   f a c t o r ;  7)  plasma 
p r e s s u r e ;  8) D e b y e   t h e o r y   p r e s s u r e   c o r r e c t i o n ;  9) ene rgy ;   10 )   en tha lpy ;  
11) e n t r o p y ;  1 2 )  s p e c i f i c  h e a t  a t  cons tan t   vo lume;  13) s p e c i f i c  h e a t  
a t  c o n s t a n t  p r e s s u r e ;  14) equ i l ib r ium speed  o f  sound ;  15) number d e n s i t y  
o f  e a c h  o f  t h e  s p e c i e s  p r e s e n t ;  a n d  1 6 )  t o t a l  n u m b e r  d e n s i t y  o f  t h e  
p l a s m a .  T h e  t a b u l a t i o n  c a n  b e  u s e d  f o r  g e t t i n g  r o u g h  v a l u e s ,  f o r  n o t i n g  
t h e  t r e n d s  o f  p r o p e r t i e s ,  o r  f o r  m a k i n g  d e t a i l e d  c a l c u l a t i o n s  o v e r  a 
small t empera tu re  r ange .  
S e v e r a l  c a l c u l a t i o n s  o f  t h e  t h e r m o d y n a m i c  p r o p e r t i e s  of hydrogen 
plasma are a v a i l a b l e  i n  t h e  l i t e r a t u r e .  Rosenbaum  and L e v i t t  (9) 
d e r i v e d  e x p r e s s i o n s  f o r  t h e  c o m p o s i t i o n ,  s p e c i f i c  v o l u m e ,  e n t h a l p y ,  
a n d  e n t r o p y  o f  h y d r o g e n  p l a s m a s .  T h e y  t a b u l a t e d  t h e s e  q u a n t i t i e s  f o r  
tempera tures   f rom 300" t o  1 0 0 , 0 0 0 " K   a n d   f o r   p r e s s u r e s   f r o m   1 0   t o  
1 0   a t m o s p h e r e s .   T h e y   d e v e l o p e d   a n   a p p r o x i m a t i o n   t o   t h e   e l e c t r o n i c  
p a r t i t i o n  f u n c t i o n  o f  t h e  h y d r o g e n  a t o m ,  t h a t  c a u s e d  t h e  t e r m i n a t i o n  
o f  t h e  sum o v e r  e l e c t r o n i c  q u a n t u m  levels t o  b e  a f u n c t i o n  o f  p r e s s u r e  
and   tempera ture .   This   enabled   them  to  take care o f  t h e  r e d u c t i o n  i n  
t h e  i o n i z a t i o n a l  p o t e n t i a l .  
-5 
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K u b i n  a n d  P r e s l e y  ( 1 0 )  c a l c u l a t e d  t h e  t h e r m o d y n a m i c  p r o p e r t i e s  o f  
hydrogen plasmas over  a t empera tu re  r ange  f rom 300" t o  20,000"K f o r  
p re s su res   r ang ing   f rom  to a tm spheres .   They   t abu la t ed  
t h e   i n t e r n a l   e n e r g y ,   e n t h a l p y ,   e n t r o p y ,   s p e c i f i c   h e a t s ,   d i s s o c i a t i o n  
a n d  i o n i z a t i o n  e q u i l i b r i u m  c o n s t a n t s ,  c o m p o s i t i o n ,  d e n s i t y ,  c o m p r e s -  
s ib i l i t y ,   and   speed   o f   sound .   The   hydrogen   a toms  were assumed t o  
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have s ix  e l e c t r o n i c  s ta tes .  They n e g l e c t e d  t h e  r e d u c t i o n  i n  t h e  
i o n i z a t i o n a l  p o t e n t i a l  a n d  a r b i t r a r i l y  c u t  o f f  t h e  e l e c t r o n i c  p a r t i t i o n  
f u n c t i o n  a t  s i x  terms. T h i s  a s s u m p t i o n  d r a s t i c a l l y  c u r t a i l s  e x t e n s i o n  
of t h e i r  work a t  h ighe r  t empera tu res  and  p res su res .  
R e c e n t l y ,  P a t c h  ( 1 1 )  c a l c u l a t e d  t h e  e q u i l i b r i u m  c o m p o s i t i o n  o f  
a hydrogen  p l a sma  fo r  p re s su res  r ang ing  f rom one  to  1000 a tmospheres  
a t  t empera tu res  of 400" t o  40,000°K. The p o s s i b l e   s p e c i e s   t h a t   h e  
cons ide red  were 11, p,  and e,  as well as H 2 ,  H , Hz+, and H + H i s  
r e s u l t s  i n d i c a t e  t h a t  f o r  t e m p e r a t u r e s  g r e a t e r  t h a n  1 0 , 0 0 0 " K  ( s u c h  
- 
3 -  
as would o c c u r  i n  t h e  s h o c k  l a y e r  o f  a v e h i c l e  e n t e r i n g  J u p i t e r ' s  
a t m o s p h e r e )  t h e  m o s t  i m p o r t a n t  s p e c i e s  i n  a hydrogen  plasma are t h e  
hydrogen   a toms,   e lec t rons ,   and   pro tons .  
Lick  and Emmons (12 )  ca l cu la t ed  the  the rmodynamic  p rope r t i e s  of 
helium plasmas a t  t empera tu res  up t o  50,000"K a n d  f o r  p r e s s u r e s  f r o m  
to   a tmospheres .   They   cons idered  a plasma  composed  of n e u t r a l  
he l ium a toms ,  s ing ly  and  doub ly  ion ized  he l ium a toms ,  and  e l ec t rons .  
T h e i r   t a b u l a t i o n   i n c l u d e s   d e n s i t y ,   i n t e r n a l   e n e r g y ,   e n t h a l p y ,   e n t r o p y ,  
s p e c i f i c  h e a t s ,  s p e e d  of  sound ,   compos i t ion ,   and   compress ib i l i t y .  
They i n v e s t i g a t e d  s e v e r a l  m o d e l s  f o r  t h e  r e d u c t i o n  of  t h e  i o n i z a t i o n  
p o t e n t i a l ,  f i n a l l y  u s i n g  t h e  U n s o l d  n e a r e s t  n e i g h b o r  m o d e l ,  w h i c h  
relates t h e  r e d u c t i o n  i n  t h e  i o n i z a t i o n  p o t e n t i a l  d i r e c t l y  t o  t h e  
e l e c t r o n  d e n s i t y .  
I n  t h e  p r e s e n t  s t u d y ,  t h e  t h e r m o d y n a m i c  p r o p e r t i e s  o f  a hydrogen- 
he l ium  p lasma  have   been   ca lcu la ted .   The   computa t ions  for t h e  t w o  
l i m i t i n g  cases (pure  hydrogen  and  pure  he l ium plasmas)  agree  well w i t h  
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previous  de te rmina t ions ;  however ,  a m o r e  r i g o r o u s  c a l c u l a t i o n  o f  t h e  
e l e c t r o n i c  p a r t i t i o n  f u n c t i o n  h a s  b e e n  employed h e r e i n ' t h a n  i n  much 
of the   p rev ious   work .  G r i e m ' s  model   has   been   used   for   the   reduct ion  
of t h e  i o n i z a t i o n  p o t e n t i a l .  I t  g i v e s  a uniform  method f o r  c u t t i n g  
o f f  t h e  e l e c t r o n i c  p a r t i t i o n  f u n c t i o n s .  
T h e  e q u a t i o n s  d e f i n i n g  t h e  p l a s m a  c o m p o s i t i o n  a re  developed and 
s o l v e d   i n   S e c t i o n  11. The p a r t i t i o n   f u n c t i o n s ,   w h i c h   m u s t   b e  known 
t o  c a l c u l a t e  t h e  c o m p o s i t i o n ,  are d e f i n e d  i n  S e c t i o n  111, and t h e  
thermodynamic  propert ies  are d e f i n e d   i n   S e c t i o n  IV. S e c t i o n  IV a l s o  
c o n t a i n s  a n  e x p l a n a t i o n  f o r  t h e  t a b l e s .  
The  computer  program,  which was used t o  c a l c u l a t e  t h e  v a l u e s  i n  
t h e  t a b l e s ,  i s  appended as Appendix B. I t  may b e   u s e d   t o   c a l c u l a t e  
i n t e r m e d i a t e  v a l u e s  t o  t h o s e  l i s t e d  i n  t h e  t a b l e s  a n d  t o  make d e t a i l e d  
c a l c u l a t i o n s .  
4 
CHAPTER I1 
COMPOSITION 
A t  h i g h  t e m p e r a t u r e s ,  a g a s  is a m i x t u r e  o f  d i f f e r e n t  a t o m s ,  
i o n s ,   a n d   e l e c t r o n s .  To c a l c u l a t e   t h e   t h e r m o d y n a m i c   p r o p e r t i e s  of 
such  a m i x t u r e ,   o n e   m u s t   f i r s t   d e f i n e  i ts  composi t ion.  To de termine  
the  the rmodynamic  p rope r t i e s  o f  a plasma, i t  is n e c e s s a r y  t o  e v a l u a t e  
t h e  p r o p e r t i e s  of i t s  components. 
Because molecular  hydrogen i s  c o m p l e t e l y  d i s s o c i a t e d  a t  t h e  
t e m p e r a t u r e  a n d  d e n s i t i e s  of i n t e r e s t ,  t h e  o n l y  i o n i z a t i o n  p r o c e s s  
involv ing  hydrogen  i s  
X + H  + p + + e - + ~  
For   hel ium, two i o n i z a t i o n  p r o c e s s e s  a r e  p o s s i b l e ,  
X + H e  + H e  + e - + X  + 
and 
X + He+ -f Hes+ + e- + X 
(2.  l a )  
( 2 . l b )  
(2.  I C )  
where X r e p r e s e n t s  a n y  p a r t i c l e ,  a n d  i o n i z a t i o n  c a n  o c c u r  f r o m  a n y  
e l e c t r o n i c  level .  
The  mass f r ac t ion  o f  a tomic  hydrogen ,  wh ich  equa l s  t he  mass  f r ac t ion  
of  molecular  hydrogen,  is d e f i n e d  by 
mH Ni 
€ =  
P 
where 
P mH Ni + mHe N i e  
and  where p is t h e  p l a s m a  d e n s i t y ,  % t h e  mass of a hydrogen  atom,  and 
%e t h e  mass of a helium  atom.  Because p and f are  known, E q s .  (2 .2 )  
and ( 2 . 3 )  d e f i n e  t h e  c o n s t a n t s  N '  and N i e .  
H 
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L e t  0: b e  t h e  f r a c t i o n  o f  t h e  h y d r o g e n  n u c l e i  t h a t  are f r e e ,  t h a t  
is, exis t  as p ro tons .   Then ,   t he   p ro ton   number   dens i ty  is  N = a N;I. 
The  number d e n s i t y  o f  f r e e  e l e c t r o n s  o r i g i n a t i n g  f r o m  h y d r o g e n  i s  g i v e n  
by Ne = a NAY because  the  nega t ive  hydrogen  ion  is unimpor tan t  a t  t h e  
tempera tures   o f   in te res t   (11 ,   13) .   The   a tomic   hydrogen   number   dens t ty  
i s  NH = (1-a) N;I. 
P 
L e t  b e   t h e   f r a c t i o n   o f   a t o m i c   h e l i u m   t h a t  i s  s i n g l y   i o n i z e d ;   t h u s ,  
t he   s ing ly   i on ized   he l ium  number   dens i ty  i s  N + = fi NAe.  The e l e c t r o n  
number d e n s i t y  d u e  t o  t h i s  p r o c e s s  i s  N = 6 NAe,  w h i l e  t h e  number d e n s i t y  
of   the   remain ing   a tomic   he l ium i s  N = (1-6) NAe.  
He 
e 
e 
L e t  y b e  t h e  f r a c t i o n  o f  s i n g l y  i o n i z e d  h e l i u m  t h a t  is  doubly 
i o n i z e d ,   t h e n   t h e  number d e n s i t y  of doub ly   i on ized   he l ium i s  N - 
B y NAe.  The  number d e n s i t y  o f  e l e c t r o n s  f o r m e d  by  t h i s  p r o c e s s  i s  
N e  = B y NAe,  w h i l e  t h e  number d e n s i t y  o f  t h e  r e m a i n i n g  s i n g l y  i o n i z e d  
helium is N 
Heft- 
He+ = B(1-y) NAe.  
I n  summary, t h e  f i n a l  number d e n s i t i e s  are r e l a t e d  t o  t h e  i n i t i a l  
number d e n s i t i e s  as f o l l o w s :  
N e  = c1 N A  + B(l+y) NAe (2 .4a)  
N = a N i  ( 2 . 4 b )  
P 
NH = (1-0,) NA ( 2 . 4 ~ )  
(2.4d) 
N H e H  = B Y N A e  
The  cond i t ion  o f  macroscop ic  neu t r a l i t y ,  wh ich  i s  given by 
N = N + NHe+ + 2 NHe+ e P 
( 2 . 4 f )  
(2.5) 
i s  s a t i s f i e d  i d e n t i c a l l y .  
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T h e  e l e c t r o n  p r e s s u r e  i s  
Pe = [a NA + B ( 1  + y) N i e ]  kT (2.6) 
where Eq. (2.4a) w a s  used f o r  N e ,  k i s  Boltzmann's   constant ,   and T 
is  t h e  gas  tempera ture .  
The  equ i l ib r ium re l a t ions  be tween  the  a toms  and  ions  are given h y  
B(1-Y) p = Qe QH, kT 
Y p = " Qe Q H ~ + +  kT
1-6 e = A7 0 ,  P) QHe 
l - y  e = (TYp) QHe+ 
ct Q Q  
l - a p e  = a kT = Ag (T,p) QH (2.9)  
where  the  Q's are  t h e  p a r t i t i o n  f u n c t i o n s ;  t h e y  are d i s c u s s e d  i n  111. 
The  system  of  Eqs. (2.6), (2.7), (2.8), and   (2 .9 )   r ep resen t   fou r  
unknowns,  Pey a, (3, and y, which  can  be  found as f u n c t i o n s  of t e m p e r a t u r e ,  
dens i ty ,   and  mass f r a c t i o n   r a t i o .   T h e   m e t h o d s   u s e d   t o   s o l v e   t h e  sys t em 
of e q u a t i o n s  are g iven  in  Append ix  A .  
I n  a d d i t i o n  t o  t h e  c o m p o s i t i o n ,  i t  i s  n e c e s s a r y  t o  know t h e  r a t e  
o f  c h a n g e  o f  t h e  v a r i o u s  s p e c i e s  w i t h  r e s p e c t  t o  t e m p e r a t u r e  a n d  p r e s s u r e  
i n   o r d e r   t o   d e t e r m i n e   t h e   s p e c i f i c   h e a t s   a n d   t h e   s p e e d  of sound.   This  
is accomplished by  w r i t i n g  t h e  c h e m i c a l  r e a c t i o n s  (Eq. ( 2 . 1 ) )  i n  g e n e r a l  
form as 
or 
6 
i = l  
r = 1 , 2 , 3  (2.10a) 
r = 1 ,2 ,3   (2 .10b)  
where vri  = v; j- - v > ~  and t h e  sum ex tends  ove r  a l l  s i x  p o s s i h l e  cornponcnts 
7 
o f . t h e   p l a s m a .  A t  e q u i l i b r i u m ,   o n e   c a n  write t h e   e q u i l i b r i u m   c o n s t a n t s  
of t h e  t h r e e  c h e m i c a l  r e a c t i o n s  as 
6 
i= 1 
r = 1 , 2 , 3  
r = 1 , 2 , 3  
6 
c v  6 r i  i= 1 'r i = P  n xi r = 1 , 2 , 3  
i= 1 
(2.11) 
Ni where X i s  t h e  m o l e  f r a c t i o n  of t h e  ith component X = - , where i i NT 
6 
NT = c N . .  T h e   e q u i l i b r i u m   c o n s t a n t s  are d e t e r m i n e d   f r o m   s t a t i s t i c a l  
mechanics and are g iven  by  
1-1 1 
6 
K = ( - )  Qi 'ri 
P r  i=l Ni 
(2.12) 
where Qi r e p r e s e n t s  t h e  p a r t i t i o n  f u n c t i o n  of t h e  ith s p e c i e s  a n d  N 
i t s  number d e n s i t y .   I n  terms o f  m o l e   f r a c t i o n s  E q .  ( 2 . 4 )  becomes 
i 
6 
n xi = 1 
i= 1 
and Eq . (2.5)  becomes 
6 
n zi xi = 0 
i=l 
(2.13) 
( 2 . 1 4 )  
where z i s  t h e   c h a r g e  of s p e c i e  i. i 
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The re la t ive c o n s e r v a t i o n  of hydrogen  and  he l ium type  spec ies  can  be  
w r i t t e n  i n  terms of t h e  mass f r a c t i o n  r a t i o  a n d  t h e  m o l e c u l a r  w e i g h t s  
f r o m  t h e  r e l a t i . o n  
p f  = mH ’k (2.15a) 
or 
(2.15b) 
T h e r e f o r e ,  
(2.16) 
To d e t e r m i n e  t h e  r a t e  o f  c h a n g e  o f  t h e  six m o l e  f r a c t i o n s  w i t h  
r e s p e c t   t o   t e m p e r a t u r e   a n d   p r e s s u r e ,  E q s .  (2 .11) ,   (2 .13) ,   (2 .14) ,   and  
(2.16) were d i f f e r e n t i a t e d   a n d   s o l v e d   f o r  “-1 and -1 
axi 
aT P ap T *  
Using t h e  r e l a t i o n  
d l n K r  
dT 
where H ( t h e   e n t h a l p y   o f  
t h e  f o l l o w i n g  two sets of 
i 
(2.17) 
s p e c i e s   i )  is d e f i n e d   i n  I V ,  o n e   o b t a i n s  
e q u a t i o n s :  
A. A t  C o n s t a n t   P r e s s u r e  
9 
axi i..i 
R T ~  
H 
i= 1 i= 1 
axi x-1 = o  
6 axi 
Z i +  = 0 
i=l aT p 
r = 1 , 2 , 3  (2.18) 
( 2 . 1 9 )  
( 2 . 2 0 )  
( 2 . 2 1 )  
B. A t  Constant T e m p e r a t u r e  
ax, "1 = 0 
i=l ap T 
( 2 . 2 3 )  
( 2 . 2 4 )  
( 2 . 2 5 )  
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CHAPTER I11 
PARTITION  FUNCTIONS 
a,),- -Rp_d_uced I o n i z a t i o n   P o t e n t i a l  
When c a l c u l a t i n g   t h e   e q u i l i h r i u m   c o m p o s i t i o n   o f  a p l a  ... la a t  low 
i o n  d e n s i t i e s ,  e a c h  e l e c t r o n  c a n  b e  c o n s i d e r e d  t o  move i n  t h e  i n f l u e n c e  
of a s i n g l e  atom or  ion ;  however ,  as t h e  i o n  d e n s i t y  i n c r e a s e s ,  some 
of t h e  bound e l e c t r o n s  become f r e e  t o  move t o  n e i g h b o r i n g  i o n s  b e c a u s e  
t h e   i o n i c   f i e l d s   l o w e r   t h e   p o t e n t i a l   b a r r i e r .   T h u s ,   t h e   p l a s m a   c o n -  
t a i n s  e l e c t r o n s  w i t h  a degree of freedom which depends upon their  
e n e r g y   a n d   t h e   i o n   d e n s i t y .   I n   o r d e r   t o   r e t a i n   t h e   c o n c e p t   o f  bound 
and f r ee  e l ec t rons ,  va r ious  mode l s  have  been  deve loped  to  p red ic t  
t he  lower ing  of t h e  i o n i z a t i o n a l  p o t e n t i a l  d u e  t o  c h a r g e d  p a r t i c l e s  
i n  a plasma,. Several of these   models  are reviewed  by  Drawin  and 
Felenbok (-14). 
G r i e m ' s  model (15, 1 6 )  f o r  l o w e r i n g  o f  t h e  i o n i z a t i o n  p o t e n t i a l  
was u s e d   f o r   t h e   p r e s e n t   a n a l y s i s .  The r e d u c t i o n  o f  the i o n i z a t i o n  
p o t e n t i a l  o f  a s p e c i e  o f  c h a r g e  z is 
(zi  + l ) e  2 
A I  = 
i PD 
( 3 . 1 )  
where  the  Debye  rad ius  is d e f i n e d  as 
pD = [  6 
kT 
471 e 2 [  C zi N i l  I 1'2 , i= 1 
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and e is  the  cha rge  o f  an  e l ec t ron .  The  sum i n  t h e  e x p r e s s i o n  f o r  t h e  
Debye r a d i u s  is ove r  a l l  s p e c i e s  p r e s e n t .  
Equa t ion  (3 .1 )  app l i e s  fo r  dens i t i e s  and  t empera tu res  fo r  wh ich  the  
Debye t h e o r y  is  v a l i d .  G r i e m  (15 )   and   Cooper   (17 )   de r ive   t he   c r i t e r ion  
f o r  t h e  v a l i d i t y  of  Debye t h e o r y  as 
6 n -1 
b)  Atomic  Hydrogen 
The p a r t i t i o n  f u n c t i o n  p e r  u n i t  volume for  a tomic  hydrogen  i s  
where g(H)  i s  t h e  s t a t i s t i c a l  w e i g h t  n 
g:) = 2n  2 
and ELH) is  t h e  e n e r g y  o f  t h e  n t h  e l e c t r o n i c  l e v e l  o f  hydrogen; 
= IH [ 1 - ?] * 1 
n n 
(3  5) 
The i o n i z a t i o n  l i m i t  of atomic  hydrogen is denoted  by IH, (13 .595  ev) ,  
D* is  the  d i s soc ia t ion  ene rgy  o f  molecu la r  hydrogen  (4 .476  ev ) ,  and  h 
i s  P l a n c k ' s   c o n s t a n t .   B e c a u s e   t h e  number o f  d i s c r e t e  l e v e l s  o f  a n  
i so l a t ed  a tom has  no  bound as t h e  e n e r g y  a p p r o a c h e s  t h e  i o n i z a t i o n  
l i m i t ,  t h e  sum i n  Eq. (3.4) w i l l  d i v e r g e .   I n   o r d e r   n o t   t o   c o u n t  a 
* 
s t a t e  twice, once as a bound and once as a f ree  state,  t h e  sum is t run-  
c a t e d  t o  i n c l u d e  o n l y  l e v e l s  w h o s e  e n e r g y  is below the reduced ion-  
i z a t i o n  l i m i t :  
T h e  r e d u c t i o n  i n  t h e  
t o  t h e  s u r r o u n d i n g  p l a s m a  
The maximum 
found using Eqs.  
I* - AI 
H H 
i o n i z a t i o n  p o t e n t i a l  o f  a hydrogen atom due 
from  Eq. (3.1) is 
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n* = [+] 11 2 
c)  Atomic  Helium 
(3.9)  
The p a r t i t i o n  f u n c t i o n  p e r  u n i t  volume for  a tomic  he l ium (18)  i s  
w h e r e  I* is t h e   i o n i z a t i o n  l i m i t  of a tomic  hel ium (24.580 ev) .   The 
e l e c t r o n i c  e n e r g y  t a b l e  f o r  atomic helium becomes incomplete as t h e  
H e  
p r inc ipa l  quan tum number i n c r e a s e s ;  c o n s e q u e n t l y ,  t h e  h i g h  e n e r g y  levels 
are assumed t o   b e   h y d r o g e n i c .   T h e   d e g e n e r a c i e s ,  a n d  e l e c t r o n i c  
e n e r g y  l e v e l s ,  E which were u s e d  i n  t h e  h e l i u m  p a r t i t i o n  f u n c t i o n s  
gn 
n 
are l i s t e d  i n  
From Eq. 
atomic hel ium 
The  summation 
Table  1. 
( 3 . 1 ) ,  t h e  r e d u c t i o n  i n  t h e  i o n i z a t i o n  p o t e n t i a l  f o r  
is 
(3.11) 
i n  E q .  (3.10) is t r u n c a t e d  a t  t h e  v a l u e  of n s u c h  t h a t  
& (He)  < I ; ~  -  AI^^. (3 .12)  n - 
1 3  
- n 
1. 
2 
2 
2 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14  
15 
16  
1 7  
18 
1 9  
20 
2 1  
22 
m 
T a b l e  1. E l e c t r o n i c   E n e r g i e s   a n d   D e g e n e r a c i e s  f o r  A t o m i c  Helium 
(McGee and Heller (19), Moore ( 2 0 ) )  
1 
3 
1 
9 
3 
36 
64 
100 
144 
19  6 
256 
324 
400 
4 84 
576 
676 
784 
900 
1024 
1156 
1296 
1444 
1600 
1764 
19  36 
14 
0 
159,850 
166 , 272 
169 , 081 
171,129 
186 , 000 
191,444 
193,915 
195,255 
196,065 
196,590 
196,950 
197 , 208 
197,398 
197,543 
197,655 
197 , 745 
197,817 
197,876 
197,925 
197,967 
197 , 800 
198,031 
198,056 
198,077 
198 , 305 
Ip 
d )  Singly  Ionized  Hel ium 
The p a r t i t i o n  f u n c t i o n  p e r  u n i t  v o l u m e  f o r  s i n g l y  i o n i z e d  h e l i u m  
i s  
where gn (He+) i s  t h e  s ta t i s t ica l  w e i g h t ,  
(3.13) 
(3.14) 
%et i s  t h e  mass, and E (He+) is  t h e  e l e c t r o n i c  e n e r g y  of t h e  n t h  l e v e l ,  n 
(3 .15)  
T h e  i o n i z a t i o n  l i m i t  of s i n g l y  i o n i z e d  h e l i u m  is denoted by I* 
(54.400  ev) .   The sum i n  E q .  (3 .13)  is t r u n c a t e d  s o  a s   t o   i n c l u d e   o n l y  
He' 
ene rg ie s   be low  the   r educed   i on iza t ion  l i m i t .  The   r educ t ion  of t h e   i o n -  
i z a t i o n  p o t e n t i a l  i s  given  by E q .  (3 .1)  as 
n 
- 2eL 
p D  
'*He+ 
" (3.16) 
T h e  i o n i z a t i o n a l  c o n t r i b u t i o n  t o  t h e  p a r t i t i o n  f u n c t i o n  i s  g i v e n  
by  the  exp[ - ( I*  H e  - AIHe)/kT] term i n  E q .  (3 .13) .  
e )   Doubly   Ion ized   Hel ium,   Pro tons ,   and   Elec t rons  
The p a r t i t i o n  f u n c t i o n s  p e r  u n i t  v o l u m e  of doub ly  ion ized  he l ium,  
p r o t o n s  a n d  e l e c t r o n s  are as follows: 
(3.17)  
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[ 2 7 ~ ~ ; ~  kT] 
3 /2  
N o t e  t h a t  t h e  p a r t i t i o n  f u n c t i o n  f o r  d o u b l y  i o n i z e d  h e l i  
(3.18) 
( 3 . 1 9 )  
.um c o n t a i n  
terms r e p r e s e n t i n g  t h e  i o n i z a t i o n  e n e r g y  f r o m  b o t h  t h e  f i r s t  a n d  s e c o n d  
i o n i z a t i o n  p r o c e s s ,  w h i l e  t h e  p r o t o n  p a r t i t i o n  f u n c t i o n  c o n t a i n s  a term 
r e p r e s e n t i n g   t h e   i o n i z a t i o n   e n e r g y   o f   h y d r o g e n .  A l s o ,  t h e   p r o t o n  
p a r t i t i o n  f u n c t i o n  c o n t a i n s  terms r e p r e s e n t i n g  o n e - h a l f  t h e  d i s s o c i a t i o n  
energy of molecu la r   hydrogen .   Dur ing   t he   mo lecu la r   hydrogen   d i s soc ia t ion  
p r o c e s s ,  h a l f  of t h e  d i s s o c i a t i o n  e n e r g y  i s  assumed t o  s t a y  w i t h  e a c h  
hydrogen  atom,  and i n  t h e  s u c c e e d i n g  i o n i z a t i o n  t h e  d i s s o c i a t i o n  e n e r g y  
is assumed t o  r e m a i n  w i t h  t h e  p r o t o n .  
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CHAPTER IV 
THERMODYNAMIC  PROP'ERTIES 
The expressions that have been used to calculate the thermodynamic 
va r i ab le s  are derived i n  t h i s  s e c t i o n  of the  repor t ,  and t h e  l i s t i n g s  i n  t h e  
t ab le s  are explained. The hea ts  of formation are not  included in  the 'present  
calculat ions;  however, they are additive and could easily be incorporated 
i n t o  t h e  r e s u l t s .  
a) Energy (E) 
The energy, i n  u n i t s  of ergs/@, is  defined in terms of t h e  p a r t i t i o n  
func t ions  as  
6 
E = -  kT2 " Ni 
P i=l Qi a T  
where the  sum i s  over each of the individual species present in the plasma. 
The average molecular weight per mole of the ionized gas and of the  
unionized gas are defined as M and Mo respect ively,  where 
6 
and 
Using the  de f in i t i on  of M ,  one can show t h a t  
NT 
P = -  
nA 
where q is  Avogadro's number. This enables one to write the energy as A 
6 
E = -  R T ~  
NT i=l 
(4.1) 
(4.2a) 
(4.2b) 
(4.3) 
(4.4) 
where R is defined as R /M and R is the universal  gas  constant .  
U U 
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Fur ther ,  no t ing  tha t  the  f rac t ion  N./N gives  the  mole f r ac t ion  of I T  
species  i, one can write the energy as 
6 
2 .xi aQi 
. E = R T  
i=l 
In the tables  the energy is tabulated in nondimensional form a s  E / ( R  T ) 
where T is taken as 273.16OK and Ro is defined as Ru/Mo. 
b)  Enthalpy (H) 
0 0  
0 
The enthalpy is  def ined in  terms of the energy as 
H = E + P/p 
where the pressure,  P,  is  defined as 
P = k T N T + A P  
The expression for AP, t he  Debye theory pressure correction term, i s  
given by (11, 21) 
(4 5) 
(4.7) 
The enthalpy is  tabulated in  the tables  in  nondimensional  form as H/(R T ).  
The pressure,  P ,  a s  well  as  the absolute  value of AP, i s  tabula ted  in  the  
0 0  
t a b l e s  i n  u n i t s  of atmospheres. 
c)  Entropy ( S )  
The Helmholtz f r e e  energy i s  def ined in  terms of  the par t i t ion funct ion 
as 
6 
F = -kT Ni(ln (Qi/Ni) + 1 )  (4.9) 
i=l 
The entropy i n  u n i t s  of ergs/(gm°K) is  def ined in  terms of the  Helmholtz f r e e  
energy as 
(4.10) . 
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where V i s  the  volume. Thus, the entropy becomes 
The entropy is t a b u l a t e d  i n  t h e  t a b l e s  i n  nondimensional 
d)  The Spec i f ic  Heats (C p' cv) 
To ca l cu la t e  t he  spec i f i c  hea t s ,  i t  is necessary to 
(4.11) 
form as S/Ro.- 
know i n   a d d i t i o n   t o  
the  plasma composition, the rate of change of t he  mole f r ac t ion ,  Xi, with 
respect  to  the pressure and temperature. These ca lcu la t ions  for  the  cur ren t  
analysis  were carr ied out  as given by E q s .  (2.18) to  (2.25). The expressions 
used to  ca l cu la t e  C and C follow from those  given by Lick and Emmons (12) 
P V 
i= 1 
where 
and 
The expression  for C becomes 
V 
i=l 
The spec i f i c  hea t s  are tabulated in nondimensional form as C /R 
P 0' 
(4.12) 
(4.13) 
(4.14) 
(4.15) 
C /R i n  t h e  t a b l e s .  v o  
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I 
e )  The Equilibrium Speed of Sound, A 
The equilibrium or isentropic speed of sound is defined as 
where y = C /C One can write (12) , a f t e r  some a lgeb ra ,  t ha t  
P v' 
where A is the  speed of sound and yo (=1 .667)   the   ra t io  of spec i f i c  
hea ts  a t  P = 1 atm and T = 273OK. 
0 
A = y R T  = 2 yo Ru To 
0 0 0 0  
MO 
The compress ib i l i ty  fac tor  which is denoted by 2, relates the  number 
of species per mole of plasma t o  t h e  number of species per mole i n  t h e  
unionized  gas. It is most eas i ly  ca lcu la ted  from t h e  r e l a t i o n  
(4.16) 
(4.17) 
(4.18) 
20 
(4.19) 
For a pure hydrogen  plasma, A = 194,484 cm/sec; whereas, f o r  a pure 
helium  plasma A = 97,242 cm/sec (see Table 2).  
0 
0 
Table 2. A Versus P l a s m a  Mass Fract ion  Rat io  
0 
0 
0.143 
0.333 
0.600 
1.000 
A. (cm/sec> 
97 , 240 
102 , 800 
112 , 300 
131 , 100 
194 , 484 
f )  Discussion of Results 
Figures 1 and 2  show the  spec i f ic  hea t  a t  constant  pressure as a 
function of temperature for the various plasmas considered a t  t h r e e  
d i f f e r e n t  d e n s i t i e s .  For  the  pure  helium case, the  curve  of C /Ro 
versus T has two peaks, one a t  about 15,000"K  and  one a t  about 
30,000°K.  The peaks  represent  the  influence of t h e  f i r s t  and second 
helium  ionization,  respectively.  A s  hydrogen i s  added t o  t h e  p la sma ,  
a third peak occurs near 10,000"K due to  the  ion iza t ion  of hydrogen. 
A s  more hydrogen is added, t h i s  f i r s t  peak grows r e l a t i v e  t o  t h e  
second  and th i rd  peaks .  In  the  limit of a pure  hydrogen  plasma,  the 
f i r s t  peak i s  the only one that  exis ts .  
P 
A t  low plasma dens i t i e s ,  t he  peak.s are sharp and the maximum 
values   large.  A s  the  plasma densi ty   increases ,   the   regions of 
ion iza t ion  become dispersed over larger teplperature intervals so 
tha t  the  peaks  become less sharp and t h e  maximum values smaller. 
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Figure 2. C vs. Temperature for p = gram/cm 3 
P 
Figure 1. C vs. Temperature for p = 10 gram/cm -10 3 
P 
0 
Also, as t h e  d e n s i t y  i n c r e a s e s ,  t h e  p o s i t i o n  o f  t h e  r e g i o n s  o f  i o n -  
i z a t i o n  move t o  h i g h e r  t e m p e r a t u r e s .  
F i g u r e  3 shows t h e  r e l a t i v e  v a l u e  o f  C and C as a f u n c t i o n  
P V 
o f   ' t e m p e r a t u r e   f o r  a p lasma  wi th  f = 0 . 3 3 3 .  C and C have similar 
P V 
s h a p e s   a n d   n o   r e l a t i v e   p h a s e .   T h i s   f i . g u r e  i s  t y p i c a l  o f  a l l  t h e  C 
and Cv d a t a .  
P 
F i g u r e s  4 and 5 show t h e  r a t i o  A/A v e r s u s  t e m p e r a t u r e  as a 
f u n c t i o n   o f   t h e   p l a s m a   d e n s i t y .   T h e s e   f i g u r e s  show t h e  same g e n e r a l  
t r e n d s  as t h e  p r e v i o u s  o n e s  i n  t h a t  as t h e  p l a s m a  d e n s i t y  i n c r e a s e s ,  
t he  cu rves  become  smoo the r  due  to  the  d i spe r sa l  o f  t he  va r ious  ion -  
i z a t i o n  p r o c e s s e s  o v e r  l a r g e r  t e m p e r a t u r e  i n t e r v a l s .  
0 
Even   t hough   t he   r a t io  A / A  f o r  a pure  hydrogen  plasma i s  less 
t h a n  t h a t  f o r  a pure  hel ium  plasma,   the  speed  of   sound is n o t .  I n  
l o o k i n g  a t  F i g u r e s  4 and 5, one  must  remember  that  A i s  d i f f e r e n t  
f o r   e a c h . m a s s   f r a c t i o n .   V a l u e s  of A f o r   t h e   g i v e n  mass f r a c t i o n s  
are  shown i n  T a b l e  2 .  
0 
0 
0 
Thus ,  one  can  eas i ly  show tha t  t he  speed  o f  sound  i s  a minimum 
i n  t h e  p u r e  h e l i u m  p l a s m a  a n d  i n c r e a s e s  as hydrogen i s  added  reaching  
a maximum fo r  t he  pu re  hydrogen  p l a sma .  
F i g u r e s  6 and 7 show H / R  T v e r s u s  t h e  mass f r a c t i o n  r a t i o  f o r  
0 0  
s e v e r a l   t e m p e r a t u r e s .   F i g u r e  6 is f o r  a d e n s i t y  of 1 0   a n d   f i g u r e  
7 f o r   1 0  gm/cm . A t  low t e m p e r a t u r e s   t h e   n t h a l p y   i n c r e a s e s  as 
the  p lasma mass f r ac t ion  o f  hydrogen  inc reases ,  because  hydrogen  
i s  more e a s i l y  i o n i z e d  t h a n  h e l i u m .  
-10 
-6 3 
A t  h i g h  t e m p e r a t u r e s  t h e  e n t h a l p y  d e c r e a s e s  as hydrogen is added 
t o  t h e  p l a s m a  a t  cons tan t  tempera tures  because  the  hydrogen  is f u l l y  
ion ized  and  i t s  e n t h a l p y  is less t h a n  t h e  s t i l l  p a r t i a l l y  i o n i z e d  h e l . i u m  
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F i g u r e  7 .  H./RoTo v s .  Fiass F r a c t i o n  Ra t io  f o r  p = 10 gram/cm 
8) Tables  
To convert  the nondimensional thermodynamic properties to dimen- 
s i o n a l  q u a n t i t i e s  r e q u i r e s  t h a t  o n e  u s e  t h e  u n i v e r s a l  g a s  c o n s t a n t  
w i t h  t h e  d e s i r e d  u n i t s .  S e v e r a l  v a l u e s  o f  t h e  u n i v e r s a l  g a s  c o n s t a n t ,  
RU , are l i s t e d  b e l o w :  
R = 8.31436 x 10 7 
U 
R = 1.98646 
U 
R = 82.0567 
U 
R = 1545.41 
U 
e r g  
mole OK 
cal  
mole O K  
3 a t m  c m  
mole O K  
f t - lbf  
mole "R 
The tables  t h a t  f o l l o w  l i s t  t h e  v a r i o u s  thermodynamic p r o p e r t i e s  
of an atomic hydrogen-helium plasma from 10,000" t o  10U,OOO°K' as a 
func t ion  of densi ty  and the atomic hydrogen mass f r a c t i o n .  
Table  3 c0ntain.s  the number d e n s i t y  ( ~ m - ~ )  of  each of  the species  
as w e l l  as t h e  t o t a l  number densi-ty a s  a funct ion of  t .emperature .  
Tab1.e 4 c o n t a i n s  t h e  e l e c t r o n i c  p a r t i t i o n  f u n c t i o n s  of atomic 
hydrogen, atomic helium, and singly ionized helium, the Debye r a d i u s  
(cm), t h e  r e d u c t i o n  of t h e  i o n i z a t i o n a l  p o t e n t i a l  o f  t h e  a t o m i c  s p e c i e s  
( e v ) ,  t h e  a v e r a g e  gram molecular  weight  (gm/mole) ,  the compressibi l i ty ,  
and the number  of e l e c t r o n i c  states t h a t  e x i s t  f o r  a t o m i c  h y d r o g e n ,  
a tomic hel ium, and s ingly ionized hel ium, respect ively.  
Table  5 c o n t a i n s  t h e . t o t a 1  p r e s s u r e  ( a t m o s p h e r e s ) ,  t h e  a b s o l u t e  
v a l u e  of t h e  Debye theo ry  p res su re  co r rec t ion  term (atmospheres),  and 
the  nondimens iona l  energy ,  en tha lpy ,  en t ropy ,  spec i f ic  hea t  a t  cons t an t  
30 
volume, specific heat at constant pressure, and the ratio of the isen- 
tropic'speed of sound to  its  standard value. 
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APPENDIX A 
SOLUTION OF THE EQUATIONS  DEFINING  THE  PLASMA  COMPOSITION 
A s  d e f i n e d   i n  11, t h e   e q u a t i o n s   d e f i n i n g   t h e   c o m p o s i t i o n   o f   t h e  
hydrogen-he l ium plasma reduce  to  three  cases a c c o r d i n g  t o  t h e  mass 
f r a c t i o n  r a t i o .  
a)   Pure  Hydrogen  Plasma  ( f  = 1 .O) 
F o r  t h i s  case B = y = 0 and  one  mus t  cons ide r  t he  equa t ions  
P = a N '  kT e H ( A .  1 )  
S i n c e  p is g i v e n ,  N' is known, and P can   be   e l imina ted   f rom 
H e 
E q s .  ( A . l )  and  (A.2) g i v i n g  
As (T  ,PI 4kT N;i 1 / 2  
a I-" 
2kT Ni A9(T,P)  1 (A .  3)  
b)  Pure  Hel ium Plasma ( f  = 0.0) 
For t h i s  c a s e  a = 0;  t h e r e f o r e ,  o n e  m u s t  c o n s i d e r  t h e  f o l l o w i n g  
e q u a t i o n s  
'e = B ( l  + y) kT (A. 4)  
An e x a c t  s o l u t i o n  of t h e s e  e q u a t i o n s  l e a d s  t o  a fou r th -degree  equa t ion ;  
c o n s e q u e n t l y ,  a n  i t e r a t i v e  s o l u t i o n  f o l l o w i n g  t h e  m e t h o d  of Hunger  and 
34 
" ". "" 
Vadlerkom  (18) is obtained.  The so lu t ion   beg ins  by  assuming t h a t  
t h e  i n i t i a l  e l e c t r o n  p r e s s u r e  i s  due  on ly  to  e l ec t rons  from s i n g l y  
ionized  hel ium ( y = 0) .  Thus,  Eqs. (A.4) and ( A . 5 )  can  be  solved 
i n  a manner ana logous  to  the  pure  hydrogen  case t o  g i v e  t h e  i n i t i a l  
approximat ion   to  13. 
The co r rec t ed  va lue  o f  y is obtained from Eq . ( A .  6 )  as 
Next ,   the   cor rec ted   va lues  of  P y , and 6 a re  o b t a i n e d   i n   t h e  f o l -  
lowing order :  
e’ 
( A .  9a) 
( A .  9b) 
( A .  9c) 
Now the   co r rec t ed   va lues  of P y , and B are obtained,   and  the e’ 
i t e r a t i o n  c o n t i n u e s  u n t i l  s u c c e s s i v e  v a l u e s  of P are t h e  same t o  f i v e  
p l aces .  Th i s  method u s u a l l y  r e q u i r e s  from t h r e e  t o  s i x  i t e r a t i o n s ;  
e 
however ,   t he   i t e r a t ions  are ex t r eme ly   f a s t .  The convergence  of y 
and B is  f a s t e r   t h a n  P s o  tha t   once  p is found,   the   cur ren t   va lue  
of y and B are t a k e n  t o  b e  c o r r e c t .  
e’ e 
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c) Arbi t rary Hydrogen-Helium Plasma (0 < f 5-11 
For  t h i s  case, E q s .  ( 2 . 6 )  t o  (2.9)  must   be  sol-ved.  An i t e r a t i v e  
s o l u t i o n  similar t o  t h a t  o f  t h e  p u r e  h e l i u m  p l a s m a  is employed.  The 
s o l u t i o n  b e g i . n s  b y  a s s u m i n g  t h a t  t h e  e l e c t r o n  p r e s s u r e  is d u e  o n l y  t o  
e l ec t rons   f rom  hydrogen   and   s ing ly   i on ized   he l ium (y = 0 ) .  T h i s  un- 
c o u p l e s   t h e   q u a t i o n s ,   a n d   s o l u t i o n s   f o r   a n d  B (O) c a n   b e   o b t a i n e d  
as i n  Eqs. (A.3)  and ( A . 7 ) .  Next, t h e   c o r r e c t e d   v a l u e  of y is  o b t a i n e d  
as g iven   by  E q .  ( A . 8 ) .   T h e   c o r r e c t e d   e l e c t r o n   p r e s s u r e  is now 
( i -1)   ( i -1)  Ni + B N i e  ] kT. 
T h e  c o r r e c t  v a l u e s  o f  y ,  8 , and ct become 
(A.lO) 
(A. l l a )  
(A. l l b )  
( A .  l l c )  
T h e  i t e r a t i o n  p r o c e s s  i s  c a r r i e d  o u t  u n t i l  s u c c e s s i v e  v a l u e s  o f  P 
e 
are t h e  same t o   f i v e   p l a c e s .   T h i s   u s u a l l y   r e q u i r e s   f r o m   f o u r   t o  10 
i t e r a t i o n s  and is e x t r e m e l y   f a s t .   T h e   c o n v e r g e n c e  o f  (x , f3 , and y i s  
much f a s t e r   t h a n  P s o  t h a t   o n c e  P i s  f o u n d ,   t h e   c u r r e n t   v a l u e s  of  c1 , 
13 , and y are  t a k e n   t o   b e   c o r r e c t .  
e '  e 
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APPENDIX B 
COMPUTER PROGRAM 
The following pages list the Fortran-IV program which w a s  
d e v e l o p e d  t o  c a l c u l a t e  t h e  q u a n t i t i e s  l i s t e d  i n  t h i s  r e p o r t .  The 
program consis ts  of  a main program and s i x  subrou t ines .  
Subrout ine  SOLVE solves  the  Saha  equat ions  for  the  p lasma 
composi t ion  g iven  the  tempera ture  (TEMP) a n d ,  i f  i t e r a t i o n s  are 
necessa ry ,  t he  accu racy  (EPS). 
Subrout ine  ENERGY ca lcu la tes  the  nondimens iona l  en tha lpy  
(ENTHAL), entropy (ENTROP) and  gram molecular  weight  (AVEM). 
Subrout ine  DERIV c a l c u l a t e s  t h e  ra te  of  change of the mole 
f r a c t i o n  ( X ( i > >  of each  of  the  spec ies  in  the  p lasma wi th  respec t  
t o  t empera tu re  and p res su re .  
Subrout ines  PARTHD, Z H E l D ,  and ZHE2D c a l c u l a t e  t h e  e l e c t r o n i c  
p a r t i t i o n  f u n c t i o n s  of atomic  hydrogen,  atomic  helium,  and  singly 
ion ized   he l ium,   respec t ive ly .  They are a l s o  u s e d  t o  c a l c u l a t e  t h e  
L t h  d e r i v a t i v e  of t h e  e l e c t  o n i c  p a r t i t i o n  f u n c t i o n s  w i t h  r e s p e c t  
t o   t empera tu re ,  ( Q i e l )  aTL 
1 L a Q i  E el  
Subrout ine  SIMQ, which i s  c a l l e d  from DERIV, i s  a s t anda rd  ca l cu -  
l a t i o n a l  s u b r o u t i n e  available i n  most F o r t r a n - N  s u b r o u t i n e  libraries. 
The i n p u t  d a t a  f o r  t h e  main program is as fo l lows:  
I sw < 0 Writes i n t e r m e d i a t e   s t e p s   i n   s u b r o u t i n e  SOLVE1. 
> 0 Does n o t  wri te  in t e rmed ia t e  s t e p s  i n   s u b r o u t i n e  SOLVE1. 
RHO Plasma  densi ty  , gm/cm . 3 
TEMP I n i t i a l   t e m p e r a t u r e ,  OK. 
F Mass fract ion  of   a tomic  hydr gen.  
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c 
DTEMP Change in   t empera tu re   be tween   s t eps ,  OK. 
TEMPM Fina l   t empera ture ,  OK. 
EP S I t e r a t i o n   a c c u r a c y   i n   s u b r o u t i n e  SOLVE. 
The  program  runs   qu i te   fas t .  I t  took approximately 15 m i n u t e s  t o  
c a l c u l a t e  a l l  of t h e  d a t a  t a b u l a t e d  i n  t h i s  r e p o r t  on the  I B M  360 Hodel 
50 .  
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. . .  . .. 
2 
1 
. . .  .... * 
1 S h V E = 0  
KnUNT=1 
f l Y F = 1 . 0 @ 0 0 0  
RHF=  1C9732..  267 
Rl . l=A.31436E+07 
I I JH  
50) 
15HG A S  
SLAR 
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1 /DE 
DPO 
BR 
6 
SAVF)=AAO 
( I % A V E 1 = D P R  
I SAVF 1 =P@ 
/SAVg]:CZ 
I SAVE 1 =NMHE 1 
( I S4VE 1 =NYHE2 r S A V E  ) = E l l  
EYP.GE.TEMPY) GO 
=TEYP+DTEMP 
S A V .  -NMH 
TO 100 
10G 
W R  I 
ti0 
YR I 
p5 x 
X4H 
P6 Y 
1P 5F 1 
i F i ~ncri F ( . ~ f l i j N T  
FnPMAT ( /, 
F U R M A T [  / 
Z SX 2HvH2 
.EQ.2 
-5 XGHT 
5 X 4 H T  
X3HMH 
7 X 4 H  
X4HE 
ZHE26X 
/RT7X4  
6HD 
H H / R  
RADRXZHE 
T 8 X 3 H S / R 7  
07X4HAV 
X4HCV/R 
'EM5 X 1  H 
7X4HCP 
1 h C  
1 6 1  
1 
1 
E 2  
€ M  
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5.9891)F 14  4.7675E  14 I.. 3033E  12  5.9436E  09 5.0732F  14 4.767l.E  14 1.3629E  12 8.5971F (39 
5.12QOF 14 4.76Ql.E  14 1.259l.E 1 2  4.0553F  09 
5.2724F  14 4.7697E  14 1.0949E 1 2  1.2500F: 09 
5.2001F 1 4  4.7690E  14.1712E  127.4512E 09 
3mO040E 
3.0075E 
2.9831E 
3.0044F 
7.9967E 
2.9550E 
2.R026F 
2 3 W 0 E  
1 7062E 
Q.9034E 
5.3208F 14  4.769QE  14.0734E 1 2  5.h917E 08 5.0375E 
5.3463F 1 4  4.7702E  14 l.OS11E 1 2  2.5200F 3s 2.5hCOE 
5.7h24F  14 4.7707E  14 3.9604E 11 7.8254E  07 1.0063E 
5.3531F  14 4.7709E 1 4  9 .9259E 11 1.1437E 0 P  1.3494E 
5.3791F  4  4.7715E  14 5.917RE 11 1.4123F  07.4212E 
5.3720E 1 4  4.7722E  14 9.4hlOE 11 3.3540E Oh 
5.3736F  14 4.7733F  14 7.5043E 11 3.4541E 05  
5.3742E 1 4  4.7737F  14 7.0054E 11 1.3795E  05 
5.3731E  44.7729F  147.7h7lE 11 9.8919E  05 
5.3747E  144.7741E 1 4  h.59hOE 11 6.1404E 0 4  
5.3751E 1 4  4.7745F 14 5.2296E 11 2.9967E 0 4  
5.3752F 1 4  4.7745E 14 hm1649E 11 1.5639E 04 
5.375RF 1 4  4.7750E 14 5.h440E 11 5.1203E 0 3  
5.3755F: 1 4  4.774RE 1 4  5.8Sh6E 11 R.7159F 0 3  
5.7761E 1 4  4.7752E  14 5.4312E 11 3.1477E  03 
z .  OOO2E 
1 5727E 
1.3907E 
1.2q78E 
l . lR33E 
1.1320E 
1.0910F 
1.02R5E 
1.0014F 
9.52 SOE 
12 2.4Q70E 01  s .8722E 
13  9.2912F 02  9.9580E 
13  1.6704E 0 4  1.0045E 
13  1.7632F 05 1.00'RE 
13 1.3154F O h  1.0123E 
13  7.730QE 06 
1 3  3.7914E 07 
13  lmh039E 0 8  
1 3  5.9859E OR 
13  2.0050E 00 
1 3  6.1069F 09 
13 1.7106F 10 
1 3  4.4451E 1C! 
1 3  1.0797F 11 
1 3  2.4642E 11 
1 3  5.3019E 11 
13 2.0564E  12 
1 3  6.0951E  12 
1 3  1.3024E 13 
12 2.0184E  13 
12  2.5001E  3
12  2.7523E 1.3 
12  7.9082E  17
11 2.9747E  13
11 2.98R9E 13 
11 2.9950F 13 
1 1  7.9960F  13 
11 2.9070F  13 
11 2.9990E  13 
11 2.997hE  13 
11 2.9986E  13 
11 2.9989E  13 
10 2.9993F 11 
12  2.8739E  13
11 7.9931E  3 
1 
1 
1 
1 
. 0 136E 
..0141E 
. *0143F 
, 0145F 
, . 0 146F 
..Ol47E 
..014RF 
. .0 14QE 
, m0150E 
..0151E 
..0155E 
. *0171E 
..0211E 
. -02R2E 
* 0 3 5 4 €  
. e0402E 
. 0 4 1  9E 
0444E 
0441 E 
. .0.452E .. 0454E 
. o0455E 
. 0455F 
. .045hE 
. 0456F 
. . 0457E 
. 0457F 
. 0457E .. 0457E 
. 045 RF 
1 4  
1 4  
1 4  
14 
1 4  
1 4  
1 4  
15  
15 
1 5  
15 
15  
15 
15 
15  
15 
1 5  
15 
15  
15 
15  
15 
15 
1 5  
15 
1 5  
15  
15 
1 5  
15 
1 5  
1 5  
15  
15  
15 
15 
1 5  
15 
1 5  
15 
b! P 
4.h4?7E 14 
3 . 1 1 3 Q F  14 
5.7713E  14 
5.4637E 1 4  
5.P771E 1L 
0.0 
0 .0  
0.0 
O.C 
5 . Q l h 4 E  14 
5.9344F 14 
5.9419E  14 
5.9479F  14 
5.7457E 1 / 4  
C.0 
0 . 0  
0.0 
0.0 
I! . 3  
3 .@ 
0 .'? 
0.0 
0.0 
0 .0  
5 .9507E 1 4  
5.0516E  14 
0.P 
0.9 
0 .o 0.0 
O.n 
# A S S  F R A C T I C I V  'JF 4 T r l Y I C  HYDRQCFV IS 0.0 
T E Y P  YE NO NH 
1.0000E-1@ 
NHE 3 
R/CHJ 1 
N T  
1 5286E 
1 5971F 
2.1179E 
2 5374E 
1.7767E 
YHF 1 
10000. 2.415J.E 11  '3.0 
11000. 9.2653F 11 0.0 
12I)OO* 207225E 12 0.0 
13000. 6.134-4JE 12 0.0 
14000. 1.0729F 1 3  ri.0 
15900. 1.3247F 1 3  0.0 
16000. 1.4453F 13 0.0 
17000. 1.4545' 13 0.0 
19000. 1.4971E 1 3  0.0 
1QOO0. 1.5015E 11 0 .0  
200Q0. 1.5031F  3 0.0 
32000.  1.5044E  13 0.0 
24000. 1.5077F  13 0 . 0  
0.0 
0.0 
0. Q 
0.0 
3.0 
rJ.O 
9.0 
0. r! 
0.  c 
0 .0  
0.0 
0.0 
0.0 
0.0 
0. c? 
0 .0  
0.0 
0 .0  
0.0 
0.0 
0.0 
O.@ 
0.0  
0.0 
0.9 
210Q3. l.SC39F 13 0.0 
23000. 1.5053F 13  0.0 
25000. 1.5145F 1 3  0.0 
27000. 1.5727C 1 3  9.9 
2 6 0 0 0 .  1.5121F 1 3  0.0 
2R000. 1.6536F 1 3  0.0 
2 9 0 0 0 .  1.7991E 1 3  0.0 
30000. 1.9775E 13 0.0 
32333. 2.415RE 13 0.0 
34000. 2.7445F 13 0.0 
36000. 2.9033F: 13  9.0 
3Q000. 2.9h54F 1 3  0.0 
1.4803E  137.4151E: 11 9.1555E 
8.9101E  26.1343E  122.9899F 
1.2322E  132.7225E  12404757E 
4.7149E 1 2  1.0329E 13 1.0373E 
1.4219E 1 3  9.7653E 11 3.2R62E 
-07 
-04  
-0 2 
oc 
02  
1 3  
1 7  
13 
1 3  
1 3  
5.917QE 1 1  
1.7974E It 
7.3537E 10 
1.99Q4E 11 
2.9701E 10 
1.3247E 
1.4453F 
1.4845E 
1.497l.E 
1.5915E 
1 3  2.3260E 
1-4 3.5577E 
13 3.9695E 
13 2.33R9E 
13 3.4045E 
03 
04  
05 
06 
07 
2.8291E 
2.9497E 
2.9889E 
3.0015E 
3.005QE 
3.0076E 
3.0083E 
3.008RE 
3 .  0097E 
3.0121F 
1 3  
13 
1 3  
1 3  
1 3  
1.3080E 10 
3.1R71E 09 
1.0153E O Q  
6.2299F 0 9  
1.7427E 0 9  
1.5031E 
1 -503RE 
1 5038F 
1 501@E 
1.5033F 
1 3  6.4359F 
13 1.3305E 
13 2.7058E 
13  1.0063E 
13 3.3561F 
O P  
08 
09  
10 
10 
13 
13 
1 3  
1 3  
13 
6.2896E 09 1.4942E 
4.1343E 0 8  1.4767F 
2.8735E O R  1.4361E 
1.5731F 0 8  1.219RE 
2.0945E rJP 1.3552E 
13 1.017SE 
13  2.7717E 
1 3  6.R304E 
13 2.8463E 
1 3  1.4921E 
11 
11 
11 
12 
12 
3.019QE 
3.0771F 
3.15AlF 
3.2935E 
3.0365F 13 
13 
1 3  
1'3 
1 3  
l.lA32E 04 
5.9540F  07 
2.3677E  07 
5.9306E 
1 "3314E 
2 6442E 
1.0552E 
4.3435F: 
1 2  9.1137E 
13  4.7307E 
1 2  1.. 2400E 
12 1.39R9E 
11 1.46lr)E 
11 1.4B45E 
11 1.4938E 
10 1.4977E 
10  1.4Q88E 
10 1.5009E 
10 1.5015F 
10 1.5@18F 
10 1.5019E 
1 0  1.5021E 
10 1.5022E 
10 1.5023E 
10 1.5024E 
10  1.5025F 
10 1.5026E 
10 1.5026F 
12 
12 
13 
1 3  
13 
3 . 4 8 1  9 E  
4.2489E 
4.4699E 
4.407AE 
3 092D2E 
13 
13 
11 
1 3  
1 3  
13 
13 
13 
1 3  
1-4 
13 
13  
13 
1 3  
13  
13 
13  
13 
13  
r 3  3.2779E Oh 
2.8690F  06 
4.3091E 05 
1.0695E  06 
1.9772E  05 
1.2673E O S  
3.2353E  04 
40000. 2 . Q 5 8 9 c  1 3  0.0 
47031). 2.9992E 1 3  0.0 
0.0 
4400P. 3.0022E 13 0.0 
f l .D 
0.0 
45000. '3 .0032F 13 0.0 0.0 
50000. 3.9053E  13 0.0 0.0 
1.9Q37E 13 
13  
13 
13 
1 3  
4.4934F 
4.5026E 
4. 5066E 
4.5077F 
4.509RF 
1 . 0 6 6 4 ~  
6.723hE 
5.6543F 
3.5247E 
4.51 04E 
4.5106E 
4o5108E 
4.5111F 
4.5112E 
4.5113E 
4.5114E 
4.51  15E 
4.5110E 
4.5115E 
5.2529E 03 
5.4277E  02 
1.5554E 0 3  
9.h400E 0 1  
4.hR74E 01 
2.4542E 0 1  
1.3h74F 0 1  
8.0319E 00 
4.9344E 00 
2 . 1 ~ 7 ~  0 2  
2.9378E 
2.6709E 
2.5011E 
2. 33R2F 
2.2059E 
2.1274E 
2.0317F 
1.9208F 
1 7899E 
1.8509E 
13 
13 
1-3 
13 
13 
13 
13 
13 
13 
13 
80000. 3.0067F 1 3  0.0 
R5000. 300068E 13 0.0 
9 0 0 0 0 .  3.0070E 1 3  9.0 
0 .C  
0 .0  
0 .  I! 
800n0. 3.9939E 1 3  1.95P8F 13 1.2074E I(? 5.5148F 0 1  1.7449E 10 1.0017F 13 6.9873E 1 3  
95000. 3.9941F 13  1.988RE 13 1.1521E 10 2.9R75E 0 1  l e h 4 2 9 E  10 1.0019F 13 6.9875E 13 
90003. 3.9942F 13 1 .9PRqE 13 1.1043E 10 1.6098E 01 1.5785F 10 1.0019E 13 6oQ876E 13  
95090. 1.9943E 13 1.9RR9E 13 1.0627F 10 904498E O C  1.5227F LO 1.0019E 13 6o9877E 1 3  
100000.  3.9944E 1 3  1.9489E 1 3  1.02h4F 10  5.SOhAE !IC 1.4741E 10 100020F  13609978E  13
M 4 S S  F R A C T I O N  OF A T C M I C  H Y D Q ! l G E V  IS 0.600 G A S  CIEUSITY IS 1.0000F-1@  fGR/Cu3) 
TEMP 
13003. 
11090. 
12000 
13000 
14003 
150c)O 
1 5 O O O .  
170'30. 
19000. 
1900P. 
YE NP NH NHE 1 NHE 2 NHF 3 NT 
3.26lSE 13 3.2617F  13  3.2383E 1 2  6.0170F 1 2  7o2R16E OF! 2.0512F-11  7.4490E  13
3.6316E  13  3.56RnF 13 l m h 6 h h F  11  5.3904E 17 h.773PE 11 5.000h€"02  7SR189E 13 
3.564RF 13 3.5548E  13 3.0719E 11  5.9178€  12909Q73E 10 1.2C;ROF-04 7.7521E 13 
3.79FIOE 13  305733E 13  1.?244E 11 3.7701E 1 2  2.2477E l ?  6.1460E 00 7.9R53E 13 
3.5011F 13 3.5001F  3 5 . 5 4 5 5 E  11 5.0073€ l ?  1.044QE 10 9.836lF-OFI 7.hSR4E I 3  
4.0021E 13 
4.1151F 1 3  
4.15hRF  13 
4.1711F 13 
4.17hlE 13 
305752E  13 
3.5762E 1 3  
305774E  13 
3.5763F 1 3  
3.577hE  13 
9.351QE 10 
1.0302E 11 
9.548lF 10 
9.095hF  13 
7.9769E 10 
1.7490E 12  
2.185'JF 11 
6. Z S l O F  11 
Ro1216E 10 
3.7Q17E 10 
4.26R7E 12 
5.3RQ6F 1 2  
5.79QZE  12 
5.9365E  12 
5.9A4PE 12 
2.4R34E 02 
4.6h36E  03 
5.5424F 04 
40R490E 05 
3.3542E Oh 
8.1R94E 13 
5.3024F  13 
9.3441E 13 
9.35A4E 13 
5.3634E  13 
20000. 
21000. 
22000 
2300C). 
24000. 
4.1 7R4c 13 
4.1824F 13 
4.1952E  13 
4.1919F  13 
4.2357E 13 
4.20h6F  13 
3.5792E  13 
3.5794E  13 6.14Q3E  10 
6.7390E 1 0  
5.9922E 10  
5.6340E 10 
5.5905E 10 
6.9756E 0 9  
4.5697E  3s 
1.4739E 10 
4m10'32E 10 
1.0554F 11 
2.4975E 11 
5.4016E 1 1  
1.0514E 12 
2.7367s  12 
4.4294E 12 
5.3633E 1.2 
5.7469E  12 
S.36QfiE I 3  
5.3725E 13 
75900. 
2h000 
h.0023E lil 
5.9762E 17 
3 1 5 7 ~ 5 E  i j  
3.57QBE 1 3  
3.5799E 13 
3.5804E 1 3  
3.5901F 1 3  
3.5807E 13 
3.5812E 13 
3.5810E 13 
9;393iE i ?  
8,4230E  13 
30000. 
34050. 
32003 
36000. 
35000 
400013 
42000 
4500c.  
4400@. 
53390 
55000. 
50003. 
65000 
701)w . 
75000 
900OP.  
95000. 
90000. 
95000 
10000'1. 
4.2971E 1 3  
4.6254E 13 
4 .7191E 1 3  
4.7577F 13 
4.4559E 13 
5.357SE 10 1.7355F 0 9  4.9662F 12 
5.0639E 10 6.0515E 0 7  3.2R0QE 12 
4.4942E 10 8.f331E 9 6  6.5442E 11 
4.2933E 10 2.0945E 04 2.7094E 11 
4.7904F 10 7.4071E 07 1.5983E 12  
8.4743F 1 3  
Ro6432E 13 
RoP127F 1 3  
8*9@64E  13 
9.9450E 1 3  
4.7725E  13 3.5913E 1 3  
4 . 7 8 1 E  13 3.5817F  13 
4.7935E 13 3.5929F  13 
4.7795F 17 3.5Q15E 13 
4.7A19E 13 3.5817E 1.3 
1.0919E 0 6  
4.3515F 05 
1.S963F 0 5  
h . 5 1 4 h F  10 5.9523F 1 2  
1.237l.E 1 1  5.R940E 1 7  
4.025QE 10 5.9775E  12
3.3521)F 10 5.QR42E  12
1.991hF 1 0  5.0979F 1 2  
'3.9599E 17 
8.9659E 13 
8.9685E 1 3  
81969% i 3  
R.9709E 13 
8.9714E 13  
Rm9717E 13  
5.9721E 13 
9.9723E  13 
9.9725E 13 
4.7345E  13 
4.7841E  13 
4.794RE 1 3  
4.7850F  13 
4.7952E  13 
4.7854E 1 3  
4.7856~ 1 3  
4.7857E 13 
4.7860F 13 
40795RE  13 
3.58?2E 13 
3.592hE  13 
3.5!!24€ 13 
3.5829F 13 
3.5P2RF 13  
3.2055E 10 
3.112oF: 13  
7.8954E 10 
2.7159F 10 
3.5744E 10 
1.6414E 1 0  
1.4903E 10 
1.3097E 1'2 
1.3747E 1 0  
1.2369E 1 0  
h.0013E 12 
h.007r3E 12 
6.004C)E 12 
6.0047E  12 
hm0054E  12 
3.5R33E 13 
3.5R31E 1 3  
3.5832E 13  
3.5R33E 13  
3.5834E 1 3  
1o1772F 10 6.00hOE 12  Am9727E 13 
1 . 1 2 6 5 E  10 6.0065F 12 8 0 9 7 7 S E  1 3  
1.029eE 10 6.0075F 12 Aa9731E 13 
1.OR31E 10 6.0069F 12 8.9730E 13 
9.972TOF 09 6.0P786 1 2  8.9733E 13 
2;4$53F Oi 
R.1339E 0 0  
1.3547F 0 1  
4.9995E 0 0  
I 
Y 4 S S  FRhCTIOY rlF 4 T V y I C  W3RnGCY IS 0 .800  G A S  3 E N S T T Y  I S  1.0000F-10 lSR/CH3) 
T E U P  YF Y P  N H NHE 1 NHE2 
9 . 3 1 5 R E  13 
9.7.164E 1 3  
9.8151F 1 3  
3.8606E  13 
19003. 4.2372E 1 3  4.2372E  13 
11OOZ. 4.6349E 13  4.6345E  13 
12000. 4.7335F 13 4.7797F 13 
13000. 4.7791E 1 3  4.754hE 13 
14003.  40Q534F:  134.7627E  13
15000.  4.9654E 1 3  
15003. 5.0309E 13 
1 8 O c ) O .  5.065tE 13  
17000.  5.05h4E  13 
lQ000. 5.0656E  13
5.4352F 1 2  
1.4621F 12  
5.094r)E 11 
2.6OP9F 11 
1.79hlE 11 
1.4775E 11 
1.3115F 11 
1.?030F 11 
1.15QlF: 11 
1.0944E 11 
1.0409E 11 
q.9571E  10 
3.5557E 10 
9.4876E  10 
9.1654F  10 
3.0096E 1 2  7.8035E  08 
3.004QE 12  3.9491E 0 9  
2.9711E 12  3.7808E 10 
2.0522E 1 2  9.5665E 11 
2.7543E  12  2.4454F 11 
2 i 0 4 5 6 F  09 
9.3567E 0 1  
1.5645E 03 
2.2609E 04 
1.9912E 05 
1.3804E 0 6  
919400E I 3  
4.7659E 1 3  
4.7697E 13 
4.7676E 1 3  
4.7h97F 13 
4.7691F 1 3  
1.0140F 1 2  
3.751QE 11 
4.91h5E 1 0  
1.3194E 11 
l .QQ51E 10 
1.9949F 1 2  
2.6337F 1 2  
2.9770E 1 2  
2.95Q7F 1 2  
2.9R9aF 1 2  
1.0047E 1 4  
1.0113F 1 4  
1.0138E 1 4  
1.0147F 1 4  
1.0150E  14 
1.0152E 1 4  
1.0153E 1 4  
1.0153E 1 4  
1.0154E 1 4  
1.0154E  14 
1.0155E  14 
1.0156E 1 4  
1.0159E  14 
1.0166E  14 
1 .0178F  14  
1.0201E 1 4  
1 0 0 2 8 1 E   1 4  
1.0370E 14 
1.0421E 1 4  
1.0443E 14  
5.@703F 1 3  
5.0712E 13 
5.0718F  13 
5.0720F  13 
5.0725E  13 
4.77Q3E  13 
4.7707F  13 
4.7711E 1 3  
4.7717F 1 3  
4.7715E 1 3  
4.7718F 1 3  
4.7771E  13 
4.7723E  13 
4.7727E  13 
4.7729E 1 3  
3.5027F 0 9  3.0001E 1 2  
4.1950E 0 9  3.0046E  12 
2.1474E 09 3m006hE 12  
b m R 3 9 R E  O R  3m0062E 1 2  
1.1743E 0 9  3.0071E  12 
708785F 05 
l o h 0 5 7 E  08 
3.81h3F  07 
5.9779F OR 
1.9990F 0 9  
5.0793F  09 
1.4967F 10 
4.3703F  10 
1.0408E 11 
?.2794E 11 
4.5370F 11 
1.2544F 1 2  
2.1344E 12 
2.6444F  12 
2.R575F 12 
7.9399E  12 
7.9727E  12 
2.9R6hF 12 
7.9990F  12 
7.9904F  12 
3.0000E  12 
3.0014E 12  
3.0019E 12 
3.0005F 17 
3.0023E  12 
3.002hF  12 
3.0029E 12 
3.0033E 12 
3.0031E 1 2  
3 .0035E 12 
20000.  
21333.  
22000 
7 3 O r ) O  
?4c)’)0. 
5 . n 7 3 3 ~  1 3  
5.0746F  13 
5.0775F 1 3  
Q.Q773F 10 
R.hlP9F  10 
27090 
29000.  5.09hhE 1 3  
4 
0 
z q o o o .  S i o g 4 o E  i’li 
13093. 
320OcI. 
340Q0.  
360Q3.  
39000.  
4OOOC. 
‘+2090. 
440oc.  
4 5 0 0 0 .  
50000. 
50000.  
55000.  
6 5 0 0 0 .  
7n000.  
75000.  
enooo. 
9000O. 
950O1). 
95OOO. 
100000. 
5.11q2F 13  4.773C)E 1 3  
5.1998F 1 3  4.7734E  13 
5.2881E 1 3  4.773FlF I ?  
5.3394F 13 4.7741E  3 
5.361rJF I ?  4.7744E 1 3  
7.592RE 07 
1.5128E  07 
3.7956E  07 
5.2596E 06 
1.5337E 05 
7.5556E 1 2  
1.7544E 1 2  
9.7445E 11  
3.6446E 11 
1.513(3E 11 
4.7747F 13 
4.775CF 1 3  
4.7751E  13 
4.7752F  13 
4.7757F 13 
5.9515E lr! 
5.7154E 10 
5.4379E 10 
5.6235E 10 
’i.0219E 19 
6.9303F 05  6.Q016F  10 
1.1971E 05 2.2235F  10 
8.0990E 0 4  1.54hOF 10 
1.4288F 3 4  1.0957F 10 
2.753?F  05 3.6199F 10 
5.3746E 1 3  
5.3752F  13 
5.37h4E 1 3  
5.3769E  13 
5.3772E 1 3  
5.3776F:  13 
5.3778E  13 
5.37ROF 1 3  
1.0456E 14 
1.0457E 1 4  
1.045eE 1 4  
1.0459F  14 
1.0459F  14 
1 eO459F 1 4  
1.0459F  14 
1.0460E 1 4  
4.7760E 13 
4.7753F  13 
4.7765E  13 
4.7757E  13 
4.7769E  13 
4.6993F  19 
4 .13h lF   10  
3.Q751E 10 
3.7555F 1 0  
4.4421F 10 9.9435E 3 3  
3.37h9E 0 3  
1.3953E. 02 
h.153AE 0 1  
3o4702E  02 
9.92Cl5F 09 
5.0956F 0 9  
7.4SRQE 09 
h.QQ77E O Q  
h o h l A 6 E  09 
5.3783E 1 3  4.7771F 13 
5.3796E 13  4.7774F 13 
5.3757E 13  4.7775F 1 7  
5.379QF 1 3  
5.1784E  13  4.7773F 13 
3.5699E 10 
3.4107E 1 0  
3.2735E 10 
3.1542E 10 
3.@500€  10 
7.9?74€ 01 
9.7443F 00 
1.5594E 3 1  
6.3035E 09 
6.0369E 39 
5.8084F  09 
5.35736 09 
5.6111F 09 
1.0460E 14 
1.0460E 1 4  
1 rn 0460E 14  
1.0460E 14 
1.0460E 1 4  5.1363E 00 
3. 1570E 00 4 i 7 7 7 k ~  I5  
H 4 S S  
TE YP 
A T r l Y I C  H Y O R O G F Y  I5 1.000 C 4 S  D E N S I T Y  IS 1.0000E-10 IGRICM31 
NP NH MHE 1 NHE2 NHF 3 NT 
13003. 5.1699E 
1 loo:! . 5.7545E 
120nn . 5.8997E 
14'300. 5.9510E 
13000. 5.93R9E 
13  
13 
13  
13 
13 
5.1699F 13  9.0594E 1 2  0.0 
5.7545E 17  2.2135F 1 2  0.0 
0.0 0.0 1.1146E 1 4  
0.0 0.0 1.1730E  14 
0.0 0 .o 
1.1915E 1 4  
l . lR76E  14  
5.9510E 1 3  3.4572E 11 0.n 
5.939oE 1 3  3.6922F 11 0.0 0.0 
0.0 
0.0 
0.0 1.1927E 1 4  
5.8997E 1 3  7 . h l l 6 F  1 1  0.0 
13  
13 
1 3  
13 
13 
5.9562E 13  1.9693E 11 0.0 0.0 0.0 1.1932E 1 4  
5.Q5R7F 13 1.7132E 11 0 . 0  0.@ 0.0 1.1935E 1 4  
5.959AF 1 3  1.6204F 11 0.0 
5.9609F 13 1.5904E 11 0 . 0  
0.0 (11.0 1.1936E 1 4  
0.0 0.0 l e  1937E  14 
5.9617E  13  1.4161E 11 @ a 0  0.0 0 .o 1.1938E 1 4  
5.9562E 
5.95 R7E 
20000. 
2203c.  
220r)O. 
23ODO 
24090 
5.9624E 
5.9h30F 
5eo631E 
5.Q635E 
5 .  a6'39E 
5.9643E 
5.964hE 
5.9649E 
5.9655E 
5.Q657E 
5.9624E 13 1.7474E 11 0.0 0.0 0.0 1 1938F 
5.963nE 1 3  1 . 2 Q Q 4 E  11 0.3 0.0 0 00 1 1939E 
5.9631E 13 1.2791E 11 0.0 0.0 0.0 1 1939E 
5.9635E  13  1.2334E 11 0.0 1 1939E 
5.9639E 1 3  1.102aE 11 0.0 
0.0 
0.0 
0.0 
0 00 1 1Q40E 
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
14 
1 4  
1 4  
1 4  
1 4  
14 
1 4  
13 
1 3  
17 
 
1 3  
1'3 5.9643E 13 1.156hE 11 Q.0 0.0 0.0 2 -  1940E 
1 3  
1 3  
1 3  
1 3  
5.9646E 1 3  1.123oE 11 0.0 
5.9643E 13 1.0945F 11 0.0 
5.9h55E 1 3  1.0'3h3E 11 0.0 
5.9657E 1 3  1.0133E 11 0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
@.O 
0.0 
0 00 
I. f 9 4 0 ~  
1.1941E 
1 1941E 
1 1942E 
30000. 
32003.  
340OO. 
39003 .  
36000 
13 
13  
13 
1 3  
1 3  
503h59E 1 3  9.91h5E 1 0  0.r) 0.0 0 00 1 1942E 
5.9663E  13  0.5427E 10 0.0 0.0 0 .o 1 1942E 
1 1943E 
1 1943E 
5.Qb76F  13  3.2629E I" 0.0 0.0 0.0 10 1941F 
5.9h69F 13  8.9684E 10 0.0 
5.9671F 1 3  3.7126E 10 0.0 
0.0 
0.0 
0.0 
0 00 
5.9679E 1 3  9.OR56E 10 0.e 0.0 0.0 1 1944E 
5.96alE 13  7.7232F 10 C.0 0.0 0. D 10 1944E 
5.9695E 13  7.4004F 10 0.0 0.0 0.0 1 1944F 
5.9645E 13  7.3493E 10 0.0 0.0 0.0 1.1944E 
5.9691E 13 5.7009E 10 0.0 0.0 0.0 1 1945E 
4 0 0 0 0  
627r)C. 
$4000. 
4501)C 
50000. 
5 .967Rf  1 3  
13 
1 3  
1 3  
1 3  
14  
1 4  
1 4  
1 4  
1 4  5.9691 F 
5.9h95E 
5.9700F 
55000. 
6OOOO. 
6500'). 
11 
13 
13 
13 
13 
5.9695E 1 3  6.3574F 10 0.0 0.0 0.0 1.194SF 
5.9700F 13  5eP790F 10 0.0 0.0 0.0 1 l 9 4 6 E  
5.9702F 13 5.6129F 10 0 . 0  0.0 0.0 1 . 1946E 
5 .9706F  1 3  5.270l.E 1 0  0.0 0.0 n.0 1 1946E 
5.Q709E 1 3  4.982hE 10 0.0 0.0 0.0 1 . 1947E 
1 4  
1 4  
1 4  
1 4  
1 4  
1 3  
13 
13 
1 3  
1 3  
5.9711E 13 4.73"OF 10 0.0 0.0 0.0 1.1947E 1 4  
5.9713E 13 4.5305F 1 0  0.0 0.0 0.0 1.1947E 1 4  
5.9725F: 13 4.35OQF 10 0.0 0.0 0 .0 1.19476 1 4  
,5*971 '?E 13 4.C5R7F 10 0.0 0.0 0.0 1.194SE 1 4  
5.9717E 13 4.1949E 10 0.0 0.0 0.0 1.194RE 14 
100000 . 
TABLE 4 
72 
P A S S  FRACTION OF ATrlHIC Y Y D R n G E Y  1 5  0.0 G A S  D F Y S l T Y  IS 1.0000E-Oh (GRICM3) 
r E M P  
10030. 
1 l O c ) O .  
12000 . 
14000 
13000 . 
15000.  
15099 . 
17003 
19003 . 
19DOr). 
210". 
20000. 
22000. 
'23000 . 
24OOO. 
25000. 
2 t j O r ) O  . 
27000. 
29093 . w W 25000. 
43090. 
4 t 3 0 P .  
44000. 
45000. 
qon3c. 
55090. 
5000@. 
650'30. 
73000. 
75 0QO. 
93003 . 
35000 
90000 
100000 . 95030. 
ZH ZHEl 
2 .059E 00 1.000E 00 
2.13'?E 00 1.000F 00 
2.202F.. or) 1. T)00F 00 
2.3015 00  1.0OOF 00 
2.392E 00 1.0OOF 00 
2.531E 00 1.900E 00 
7.h78E 00 1.OCOE 00 
20A52E 00 1.001E 00 
2.960E Or) 1.001E 00 
3 . 3 1 3 E  00 l.CJ03E PO 
3.454E '30 1.004E 00 
3.783E Or) 1.007F 00 
40093E 00 1.017E 00 
4. 844E 00 1 o019E 00 
5.121E 0 0  1.07l.E cI0 
6.041F 00 1.04QE 00 
7.130: 00 l .97hE 00 
90399F 00 1.093F 00 
9.955F 00 1.135E 00 
1.151E 01 1.235E 00 
1.337E 01 1.325E 0 0  
1.771F 01  1.595E 00 
2.29OE 0 1  1.994E 00 
3.466F 01 2.5hlE 00 
4.301F 0 1  3.3hOE 00 
5.234F 0 1  4.434E OTr 
7.371E 0 1  7.513E 00. 
9.321.E 01 1.244E 01 
h.259F  01 5.795E 00 
7.958E 01 A.513E 00 
Q.91OE 0 1  2.917E 0 1  
1.519E  02 4.316E 01 
7.08I.F 02 7.630E 01 
1.799E 02 5 .953E 02 
2.366E 02 9.631E 0 1  
3.26AE 02 1 o183E 02 
3.61hE 02 1.472F 02  
3.958F 02 2.06RC 02  
1.248E 02 3.035F 0 1  
4.294E 02 2.39PE 02 
7HE2 
2.000E 90 
2.@OOF 0 0  
2.00CIE 00 
2.00@E 00 
2.00cE 09 
2.000€ 0 0  
2 . 0 O O E  0 0  
2.030F 00 
2.00PE 30 
7.00(1F go 
2.0OOF 00 
Z . 0 9 O E  0 0  
Z.00CE 00 
2.00CF 00 
2.00nE 00 
2.OOOF 00 
2.000E 00 
7.nncIF 0 0  
2.30QE 00 
2.O3PF 0 0  
2.C)oo-F 00 
2.00@E 30 
t.nr)f.?E 0 0  
2.0r)OE 30 
2.001F '10 
2.9C4F 00 
2 . O D Z F  00 
2.900F r)0 
7.921F 30 
2.157F 00 
2.147F 30 
2.32hF 0 0  
2.h47C 0 0  
?.172F 00 
3.971F 00 
5.hORE 09 
7.431F 00 
Q.931F 00 
1.3q"E 01  
2 . 0 9 n ~  00 
D. Q A O  
9.R96F-05 
5 .23Or l -05  
1.070F-05 
1.345E-05 
9.690E-66 
7.294E-9h 
5.7C4F-06 
4.h14E-06 
3. ,943E-Oh 
3.304E-06 
2.915E-06 
2.325E-06 
7.45?F-0h 
2.213F-06 
2.253E-06 
2.19hF-06 
2.213E-06 
.3.OPOE-05 
2 642E-06 
2.197E-06 
7.237 E-Oh 
2.284E-06 
2.342E-06 
2.399F-@b 
2.44qE-96 
2.4Q4E-06 
2.495F-05 
2.46hF-06 
2.209'-06 
2 438F-06 
7.013F-06 
1 .929E-Oh 
1.032F-06 
2.01hF-06 
1.965E-06 
2 074F-06 
2.134E-06 
2.192E-04 
3.25OF-06 
2.307F-Oh 
EO 
1.457E-03 
4 h 75E-03 
2.753F-03 
7.30RF-03 
1 . 0 7 0 ~ - 0 2  
1.486E  -02 
2.524F-02 
1.974E-02 
3.741E-02 
3.121E-02 
4.Q79E-02 
4.359E-02 
5. R72E-02  
5.451E-02 
6 .195F-02  
6.391 F - 0 2  
6.507E-02 
6.557F-02 
6.55TE-02 
6 5 O R E - 0 2  
h .  453E-O? 
5.305E-02 
6.002F-02 
6.149E-02 
5.879E-02 
5.795F-02 
5.774E -02  
5.839E-CZ 
5. c)07F-c)2 
6. ci17F-02 
7.152 E-02 
7.4h4E-07 
7.455E-02 
7.325c-02 
7.141E-O2 
h Q44E-02 
6 745E-02 
6.399F-02 
6.241 F-07 
6.559E-02 
4 V E Y  
4.004 
4 002 
3.997 
3 . qF14 
3.956 
3.906 
3.973 
3 532 
3 49c) 
7.329 
3.979 
3.105 
2 0494 
2.472 
2 355 
2.250 
2.176 
2.123 
2.067 
2.089 
2.051 
2 032  
2.022 
7.015 
2 007 
1.995 
1.936 
1.973 
1.911 
1.775 
1.557 
1 445 
1.365 
1 '390 
1.353 
1 347 
1.345 
1 343 
1.342 
1 '341 
MH HHE HHEl 
0 22 136 
0 22 99  
o 22 76 
0 22 hO 
0 22 5 0  
0 22 42 
0 22 37 
0 22 3 2  
0 20 2 9  
0 20 26 
0 17 2 4  
0 16 23 
0 16 22 
0 15 21  
0 15 20 
0 15 30 
0 1 4  20 
0 15 20 
0 i 4  70 
0 15 20 
0 15 20 
0 15 20 
0 15 2 1  
0 15 2 1  
0 15 2 1  
0 15  2  
6 15 ?1 
0 15 2 1  
0 14  20  
n 15 21 
0 14 1 9  
0 1 4  19 
0 14  19 
0 t 4  19 
0 1.4 19 
0 14  19 
0 14 20 
0 14 20 
0 15 2 0  
0 15 2 0  
T E Y P  
11000. 
1 0000. 
13OQO. 
12933.  
1 4 0 0 0 .  
ZH 
2.001F Or) 
2.003E 00 
2.007F 00 
2.016E 00 
2.02hE 0 0  
2.054E 00 
2.0SSF 00 
2.149F 00  
2. ?44F 00 
2.393F 0 0  
20000. 2.573E 00 
21009.  2.97hE 00 
22000.  3.153F 00 
23000.  3.552E OF 
24333.  4.065E 00 
25000.  
26030.  
77000.  
79000.  
3A@r)0. 
32303.  
3 r ) O O O .  
34000.  
36001). 
18030. 
40000.  
44000.  
450qO. 
.b 
U 
v n q o .  
50090.  
55000. 
50000. 
65000. 
7OOOO. 
75 000. 
80000. 
5 5 0 0 0 .  
9OOOP 
95000  
100000 . 
4.669E QO 
5.393F 60 
6.213E 00 
7 e l h 7 E  00 
A.?'+;3F 0 0  
9.460F C!0 
1.229F 0 1  
1.567E 0 1  
l .95QF 01  
2.405E 0 1  
3.577F 01  
4.256E C 1  
4.997E 01 
5.3R8E 0 1  
7.523E 01 
0.9lOF 0 1  
1.248E 02 
1.519E Cl2 
1.79AF 07 
2.0'31E 02 
2.36fiF 02  
3.616'  02 
4.294E 0 2  
2.65OE 02 
3.959E  02 
7 H E 1  
1 . 0 0 O E  0 0  
1.00CIE 00 
1.00OF 0 0  
1.000E 00 
l.OOOF 00 
1.9OOF 00 
1.T)OCF 00 
l.nOCE 00 
1.00PE 0 0  
1 . O Q l E  00 
1.002F 00 
1.006E 00 
1.903E 00 
1.010E 00 
l.r!lhE 0 0  
1.926E 00 
1.040F 00 
1 . O h O E  00 
1. n97E 00 
1 . 1 2 2 ~  no 
1.384E 0 0  
1. lh9E 0 0  
2.021F 00 
1.h44E 0 0  
2.541E 00 
3.233= 90 
4.124E 00 
5.23QE 00 
5. R R R E  00 
1.015E 0 1  
1.623F 01  
2.444E 01 
3.4h6E 0 1  
4.hQOE 01 
7.h3OF 01 
9.431E 0 1  
1.422E 0 2  
1.675E  02 
1.943E  02 
1 . lA3F  02  
ZHE 7 
2 .00CE 00 
2.0r)PE 00 
2.000E or! 
2.000F 00 
7.nOOE 0 0  
2.OCOE 0 0  
7.0COE 9 0  
2.000F Q O  
? .OOCE 30 
2.onoF: 0 0  
2.000F 00 
2.000r 9Q 
2.000F 00 
2.00cIF 00 
2.OOOF 0 0  
2.900E 00 
2.00OF 30 
2.000E 00  
2.OOQE 0 0  
7 . 0 0 ~ ~  0 0  
7.OI)OF 00 
7.r)OOF 00 
2.OOCE 00 
2.00cE 00 
7.r)r)OE 00  
2.9n2r 70 
2.001E on 
2.003F 0 0  
2.0C4E 00  
3.016E 00 
2.049E 00 
2.137E 0 0  
7.281E 00 
2.557F 0 0  
3.172E 0 0  
3.973F 00  
6.700F 00 
-J.:24E 00 
9.831E 0 0  
1.29qE 0 1  
0 .  R A D  
5.40OE-Ph 
3 .Q60F-Oh  
2.95'3E-06 
2.?9hF-06 
2.044F-06 
1.923E-9h 
1.693F-06 
I .6?8E-Of, 
1.59bE-04 
1. 'iR4E-06 
1. Ei7AF-06 
1.571E-06 
1.546E-Oh 
1 56OF-06 
1.533F-06 
1.52hF-Oh 
1.526F-06 
1.53j?F-Ofr 
1.543F-Oh 
1.559E-06 
1.577F-Oh 
1.61RF-06 
1.662 E-06 
1.70hE-06 
1.74QE-Oh 
1 . 7 9 1 ~ - 0 6  
1 .R27F"1)6 
l .955F-36 
1. Sh5F-05 
1.563E-Oh 
1.R73E-Oh 
1.801E-06 
1.813E-06 
l . f l60r-Oh 
1.91 3C-06 
1.?69F-O6 
i.OZ5E-06 
2 - 0 8 ?  F-Oh 
2.138E-06 
7.19?E-06 
ED 
2. 667E-02 
3.731F-02 
4 1  FI 7 S E - 0 2  
5.011F-02 
7 .O43E-02 
9.49  1E-02 
7.97PE-02 
9. R43F-02 
9.092E-02 
9.027E-02 
9.123F-07 
9.231E-07 
9.315E-02 
9 .3Q lF -02  
9 e l h 3 E - 0 2  
9.435F-07 
7.996E-02 
7 92OF-02 
7.743F -92  
7.528E-02 
. . . - . - 
A V  E q  
1 3 5 9  
1.901 
1.514 
1.705 
1 . 5 9 9  
1 493 
1 . 3 9 6  
1.333 
1 ?R8 
1.256 
1.201 
1 . 2 2 5  
1.140 
1.171 
1 . 1 1 1  
1.056 
1. r)Rh 
1.051 
1.032 
1 040 
1.027 
1.021 
1.015 
1.01'3 
1.012 
1 0 0 9  
1 a005 
0.075 
1.902 
0.901 
0.934 
0.493 
0. R74 
1.017 
0.970 
0. R 6 9  
0.966 
0.967 
0.966 
0.465 
1.535 22 2 1  31 
1.582 1q 20 26 
1.753 15  15 2 1  
1.657 16 1 7  23 
1.902 1 3  14  19 
2.02R 13 13 1 8  
2.154 1 2  13 17 
2.256 12  13 17 
2.394 12 12   17  
2.334 17 12 17 
2.444 12  12 17 
2.569 12 12 17 
2.707 1 2  12  17  
2.639 1 2   1 2  17 
2.505 1 2  12 17 
7.770 12  12 16 
2 .S7 l  1 2  12 15 
2.942 1 2  12 17 
2 . 4 9 1  12  12 17 
2.913 12 12  1 7  
2.929 1 2  12 17 
2.04h 12 13 1 7  
2.957 1 2  13 17  
2.969 12  1 3  1 A  
2.963 1 7  13 17 
2.972 13  1 3  lr! 
7.990 13 13 1 9  
?.992 13 13 1 8  
3.001 1 3  13 1 9  
3.OR5 13 13 1 8  
3.218  13  13  18 
3.336 13 13 1 8  
3.405 13  13 1 R  
1.440 13  13 1 8  
3.456 1 3  1 4  19 
3.470 1 3  14 19 
3.472 1 4  14 19 
3.465 13 1 4  19 
3.473 1 4  1 4  20 
3.475 1 4  1 4  2 0  
T E Y P  
29007. 
?1000. 
22000. 
,33000 
240OC. 
25009. 
2630C. 
27003 
-I 28000. 
VI 29000. 
4 0 O O C  
42090. 
440OC. 
4500c. 
53370. 
55000. 
50030 . 
55030. 
70@r)@ 
75000. 
93000. 
95000. 
90000  
lOO0OD 0 
950OP. 
4.093E 0 0  1.031F 00 2.000E 00  1.76hF-04  1.137E-01  0.748  2.949  10 11 15 
3.659E 00 1.02OE 00 2.00CE 0 0  1.255F-06 1.147F-01 0.756 2.917 10 11 15  
4.h(?QE Cr) 1.047E 0 0  2.000r 00 1.279E-06 1.12hF-01 0.742 2.974 10 11 15 
6.950F 00 1.095E 00 2.000E 0 0  1.312E-96 1.09'3E-01 0.735 3.003 I 1  11 15 
5.097E 00 1.OhPE 00 2.300E 00 1.296E-06  1.11lE-01  0.718 2.989 11 11 15 
T F M P  
11no0. 
lOfl00. 
17900 . 
13000, 
140C1O. 
15000. 
17000.  
l ’ i000.  
13000. 
lS000. 
2 QOOO. 
21033. 
22000. 
23000 
74000. 
2500c .  
26333.  
2700P. 
25000.  
29OQ3. 
U 
QI 
3 0000 
3200C . 
34000.  
36003.  
3J90qo. 
4 3 0 3 0 .  
420 r )C .  
45030. 
44000.  
5 0 0 W .  
55000.  
6OOOP. 
65090.  
7r)ODP. 
75000.  
9000n. 
85000. 
90000. 
190033. 
95 000 
ZH 
2. 0 0 l F  
2.007F 
2 005E 
7.01  1F 
2.022E 
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00 2.000E 0 0  1 -919E-05  7.504E-03 
nr! 2 . 0 ' 7 0 ~  0 0  1 . 9 5 5 ~ - ~ 1 5   7 . 3 6 4 ~ - 0 3  
00 2.OCOf: 0 0  1.993E-05 7.224E-03 
00 2 . 0 0 P F  00 2.031E-05 7.09CJE-03 
00 2.000F 00 2.06AF-05 6.9hZE-03 
00 2.0'3CE 00 2.104E-05 5.941E-03 
00 2mOOOF 00 2.139E-05 6.736E-03 
00 2.00CF 00 2.147E-OF; '5.h45F-03 
00 2.C)OOE 00 2.200E-05 6.546E-03 
0 0  7.004E 00 7.(?&2E-05 7.050F-03 
OC 2.001E 0 0  2.164F-05 6.654E-03 
00 2.000F 00 1.882E-05  7.h49F-03 
01  2.'71RF 00  1.747f-05 Q.241E-03 
01 ?.C3hF 00 l .662E-05 8.652F-03 
0 1  2.ChPE. 00  1.673F-35 F3.573E-03 
0 1  2.003F 00 l . h l h E - 0 5  9.911E-03 
01 2.379: 00 1.645F-05 S.75?E-03 
7.'  F-05  Q.241E-03 
3.270 1.325 0 22 78 
2.999 1.352 0 22 6 9  
2.558 1.565 0 22 6 4  
2.109 1.735 0 22 6 0  
2.1513 1.A56 0 22 59 
2.080 1.936 0 22 5 9  
2.041 1.962 0 22 59 
2.073 1.980 0 22 59 
2.014 1.989 0 22 6 0  
2.009 1.993 0 22 60 
2.006 1.996 0 22 61 
2.Q05 1.997 0 22 b l  
2.004 1.999 0 22 6 2  
2.001 2.002 0 22 63 
2.903 2.000 0 22 6 3  
1 . 9 7 9  2.023 0 22 6 4  
1.997 2.005 0 22 6 3  
1.535 2.193 0 22 62 
1.931 2.074 0 22 6 3  
1.705 2.349 0 22 5 9  
1.579 3.537 0 23 57 
1.482 2.703 0 22 56 
1.419 2. R22 0 22 5 5  
1.352  2.96  0 22  55
1.39s  2.564 n 22 55  
1.342 2.985 0 22 56 
1.339 2.991 0 22 5 8  
1.138 2.994 0 72 59 
1.337 2.995 0 22 hO 
1.337 2.995 0 22 6 1  
1.337 2.995 0 22 62 
1.337 2.996 0 22  63 
1.337 2.996 0 22 65 
1.337 2.996 0 22 6 4  
1.337 2.996 0 22 6 5  
Y 4 S S  FR4CT l lY  3 F  A T n M I C  YY3ROGFY I S  0.333 G A S  D E Y S I T Y  I S  1.C)OOOE-OR (GR/CM3) 
T F Y P  
10000.  
110r)o. 
1200P. 
13000 
14OQO 
15000  
15000.  
1'333. 
tA000. 
1300@. 
? 0 0 0 0 .  
21030. 
22003.  
2 3000. 
74c')n. 
2 50C)C. 
2 5 0 0 0 .  
27000.  
00 29000.  
2 9 0 0 3 .  c. 
4000CI. 
4 2 0 0 3 .  
44300 
45000  
50000. 
55000.  
50000. 
65000 
70090  
75000.  
F13000. 
R 5 m 0 .  
90000 
Q500C 
1ooooc!. 
ZH 
2.R2"E 00 
3.5Q6E 00 
4.546E 00 
h.759F 00 
R.?27F 00 
1.244F  01 
1.95F3F 01  
2.531E 01 
3.382E 01 
4.7q5E 01 
5.173F  01 
7.903F  01 
1.q52E 0 2  
1.291E 0 2  
1.562E 0 2  
2.019F 0 3  
2.795E  02 
4 . 0 7 1 ~   n 2  
5.195F  02 
6.955E 02 
7.444E  02 
9.974F 07 
9.Q35E  02 
1 eO65E 03 
1 .h33F 03 
2.347F 0 3  
3.210E 03 
30923E  03 
6.2hSF 93 
5.023F 03 
7.145E 03 
8.601E 0 3  
1.070E 94 
1 . 1 1 9 E  04  
1.299E 04  
THE 1 
1 - 0 O O E  00 
1.000E 00 
l.0OOE 00 
I .000E 00 
1. OOOE 0 0  
1 .000F 00 
1.000E 00 
1.005F C C  
1.n02c 30 
1.010E 00 
1. OZOE 0 0  
1 03 7E 00 
1.065E 0 0  
1 . 1  09E 0 0  
1.175E 00 
1.271F r?0 
1 .3c lE  no 
1.406F 0 0  
1 - 5 9 2 E  0 0  
1.939E 0 0  
2.167E 00 
3. L O O E  00 
4.541E 00 
5.h35E 0 0  
9.53RF ClO 
1.R41E 0 1  
1.341E PL 
2.468E 0 1  
2 . 9 3 4 F  0 1  
5.242r 0 1  
8.723E 0 1  
1.337E 0 2  
1.92OF 07 
2.621E 02 
3.433F 02 
4.348F  02 
5.357E  02 
6.449F 02  
7oC114E 02. 
9.942E 0 2  
ZHF2 
2.0ClOE 30 
2.00c)F 00 
2.00CE 00 
Z.00OE 00 
2.000E 0 0  
?.OOCE 00 
2.000F 00 
2.000F 00  
2.00QE 30 
2 . 0 0 0 ~  00 
2.000E 00 
7.0'70F C)0 zlonoF 00 
2.OOCE 00 
2. O O O E  00 
2.000= 0 0  
2.000E 0c) 
2.000F 00 
?.000E 0 0  
2.000F 00 
2.OOOE 00 
2.0r)OF 00 
2.001E 00 
2.007F 00 
2.007c 90  
2.015E 0 0  
?.r)31E 7 0  
2.06LE 00 
7.094E 00 
2.359F 00 
3.192E 00 
5.26QE 90 
9.733E 30 
3.323F 0 1  
1.829E 0 1  
n. ~ A O  
1 Rq4E-05 
1 -5OOF-05 
1.308F-05 
1 345E-05 
1 e313E-05 
1.339F-05 
1 345F-05 
1 32  RE-05 
1.291E-05 
1 e795E-05 
1 312F-05 
L.304F-0 5 
1 360E-05 
1 357F-05 
1.334E-05 
L .415€-05 
1.469E-05 
1.495E-05 
1.521  E-05 
1.442E-05 
1 545 E-05 
1.591  F-C5 
1 m425E-05 
1 .h33F-05 
1.6 lOF-05 
1 o569E-05 
1 535F-05 
1.570F-05 
1 m519E-05 
1 5hOE-05 
1.695F-@5 
10625E-05 
1 rn RZ?F-05 
1 -763F-05 
1.  F193E-05 
FD 
7.641E-03 
9.599E-03 
1.070E-02 
1.101F-02 
1 092E-02 
1 075F-02 
1.071E-02 
1.084E-02 
1. L05E-02 
1 115E-02 
1.112E-02 
1.09SF-02 
i I 0 7 9 ~ - 0 2  
1 059F-02 
1.03FI.E-02 
1 OlsE-O? 
9.9A7E-03 
9.  804E-03 
9.631E-03 
9.467E-03 
9.314E-07 
0.048E-03 
8. 8b3E-03 
RoR17E-03 
9.944E-03 
0.176E-03 
9.381E-03 
Q.475E-03 
9.477E-03 
6.590E-03 
A V E Y  
1 644 
1 e449 
1.319 
1.254 
1.227 
1 209 
1.191 
1 139 
1.092 
1.055 
1.c33 
1.921 
1.015 
1.012 
1.010 
1 009 
1.00Q 
1.009 
1.008 
1.008 
1 .OO* 
1.006 
1 . 001 
0.989 
0.067 
0.939 
0.912 
0 . 997 
0.895 
0.849 
0 8 6 5  
0.864 
0.863 
0.963 
0. r?63 
0.863 
0.963 
0. 563 
0 963 
0.863 
7. MH MHE #HE1 
1.829 42 22 59 
2.075 3 7  22 53 
2.252 3 5  22 50 
2.397 35  22 49  
2.451 35  22 49 
2.488 35 22  50 
2.640 3 5  22 5 0  
2.545 35 22 5 0  
2.843 34  2 2  49 
2.753 35 22 49 
2.911 3 4  22 49 
2.962 3 5  22 50 
2.976 36 22 5 1  
2.971 3 5  22  50 
2.944  35  22 4
2.979 36  22 5 1  
2.950 3b  22 52 
?.9Rl 1 7  22 52 
2.982 37 22 53 
2.983 37 22 53 
2.994 38 27 54  
2.989 39 22 54  ~. 
3.041 3 9  22  55  
3.004 3 9  2 2  5 5  
1.110 38 22 55 
3.204 39 22 5 4  
3.299 3 8  22 53  
3.371 37 22 53 
3.3QA 37 22 53 
3 .441  39 22 54 
3.477 39 22 55 
3.481 40 22 56 
3.483 40  22 57 
3.483 4 1  2 2  5 8  
-4.484 47 22 5 9  
3.484 4? 22 60 
3.484 43  7 2  6 1  
3.405 4 4  22  62 
3.485 4 4  22 63  
3.485 45 22 64 
Y 4 S S  FRLCTION 'YF A T O Y T C  HYDQOGFY IS 0.600 G 4 S  DENSITY IS 1.0000E-OS  (GR/CY3) 
TEMP 
10000 
11303.  
12000 
1 Q000. 
13000. 
2 r )Oc)O . 
21003. 
22000. 
240c)C. 
23000 . 
25091. 
250DC) 
77000. 
W 28000. 
VI 2 9000 . 
30033 
32 0 0 0 .  
34003 
36000 . 
35003. 
br)OOO. 
440OO. 
45000. 
509'30. 
55ooc.  
hO0QO. 
65OOO 
75000 
80000 
3 5 O W  
90000. 
95000 
100000. 
42000. 
70000 . 
ZH 
2.017F 
2 0 00hE 
2.043E 
2 lO6E 
2.252E 
2.531E 
3.121E 
4.002E 
5. 345E 
7 296E 
1 477E 
1 995E 
3 762E 
1 . 07RF 
2.64QF 
4. s3OE 
6.099F 
9 253E 
1.017E 
1.224E 
1 590F 
2.199E 
4.109E 
3.182F 
5.167E 
6.351E 
7.656E 
9.074E 
9.924E 
1 510F 
2.174E 
2.979E 
4.660E 
3 928F 
5. q35E 
7.145E 
Q.533F 
R 022F 
1 216E 
1.119E 
90 
Or) 
00 
0 0  
00 
00 
00 
0 0  
00 
01 
01 
01 
01 
01  
01 
0 1  
@1 
02  
02  
0 2  
02 
02 
02 
02  
02 
03 
02 
02 
03 
03 
03 
03 
03 
03 
03 
03 
03 
04 
04 
on 
L H E l  ZHE 2 
1.000E 00 2.000F 0 0  
1.000E 00 2.OOOF 00 
1.000E 00 2.000E 00 
1 OOOE 00 t . O O C E  00 
1.00CE 00 3.000E 00 
1.000E 00 2.000E 0 0  
1.r)OOF On 2.OOOF 90 
1.001E 00 2.000E 00 
1.002E 00 2.QOOF 00 
1.005E 00 2.0OOE 00 
1.020E 00 2.000E 0 0  
1.01OE 0 0  2.000F 0 0  
1.037E 00 2.000E 00 
1.065E 00 2.000E 00 
1.109E OC 2.000E 00 
1.17SE 00 2.0OcIE 0 0  
1 496E 00 2.0COE 00 
1.591F 00 2.OOOF 30 
1.87RE 00 2.000E 0 0  
1.271F 00 2.009f 30 
2.162F 00 2.r)OOF Q 9  
3.100E 00 2.000F oc  
4.541E 00 2. D O l E  7 3  
6.615F 05) 2eOO2F 09 
9.539F 0 0  2.  OObF 3 0  
1.341E 01 7.014F 00 
2.46QE 0 1  2.Cl54E 00 
7.934E 0 1  2.07QF 00 
5.242F ('1 2.340F 00 
1.841F  01 2 . 0 Z Q F  3 0  
I?. R A D  
1 22hF-05 
1.5A4E-05 
1.06lE-05 
1.OO4E-35 
9.952E-06 
1.014E-r)'5 
1.050E-05 
1 .034E-35 
1.070E-05 
1.060E-05 
l.OR5E-05 
1.104E-05 
1 . 126E-05 
1.173F-05 
1 . 1?6E-05 
1.21QE-C)5 
1.342E-05 
1.265E-05 
1 149E-05 
1 .787E-r)5 
1 . 309F-05 
1.350E-n5 
1 .387E-05 
1.41hE-05 
1.431E-05 
1.434E-05 
I .434E-P5 
1.43QE-05 
1.445E-05 
1.4QqE-05 
5.723E 01  3 . 1 1 O E  00 1.564F-05 
1.337E 02  5.10QE 00 1.632E-OS 
1.920E 0 2  9.339F 30 1.69RE-05 
2.621E 02  1.746F 0 1  1.7hlF-05 
3.473F 0 2  3.16QE 0 1  1.823E-05 
4.34RE 02 5.487F 01 1 .q83F-O5 
5.357F 02 Q.Cl29: 0 1  1.940E-05 
6.449E 07 1.430, 02  1.996E-05 
3.943F 02  3.12hF 02 2.104E-05 
7.614E 02 t.145E 0 2  2.051E-04 
EP 
9.091E-03 
1.175E-02 
1.757E-02 
1.435E-02 
1.442F-07 
1 42 1 E-02 
1.393E  -02 
1.358E-02 
1.345F-02 
I .  3 7 2 ~ - 0 2  
1 327E-02 
1.304E-02 
1 279E-02 
1.253E-02 
1.228E-02 
1 204F-07 
1 .151E-O:! 
1 15QE-02 
1 119E-92 
1.135E-02 
1.1 0OF-02 
1.067E-02 
1.039F-02 
1. 906E-02 
1.004E-02 
1.004F-02 
9.964E-03 
1.001E-02 
9.615E-03 
9.206E-03 
9.4R2F-03 
9.175E-03 
7. S99F-03 
7 .h49E-0'3 
7.421F-07 
7.2 l ?F -03  
6 .  R43E-03 
1.017E-02 
9. 874E-03 
7.020E-03 
A V F M  
1.173 
0 896 
1.015 
0.830 
0.500 
0.786 r). 777 
0.753 
0.740 
0.732 
0.727 
0.724 
0.723 
0.722 
0.722 
0.721 
0.721 
0.721 
0.730 
Om 721 
0.719 
0.716 
0.710 
0 701 
0 592 
0.684 
0.4Al  
0 67'7 
3 672 
0.671 
0. h77 
0.672 
0.672 
0 . 766 
Q - 7 2 1  
0.673 
0.672 
0. h72 
0.4572 
0.672 
1.881 3 8  22 5 4  
2.172 3 4  22 48 
2.463 31 22 44  
2.759  30  22  43 
2.807 30 22 43 
2.839 31 22 44  
7.879 3 1  22 44  
2 . 9 3 1  31  22 44  
2.981 31 22 44 
3.015 32 22 45 
3.047 32 22  46 
1.055 33 22 47 
2.660 30 22 43 
3.036 32 22 45 
3.053 32  22 46 
1.058 33 22 47  
3.059 33 22 47 
3.059 34 22 4n 
3.060 1 4  22 48 
3.061 3 4  22 49  
3.061 35 22  49  
3.063 3 5  22 50 
3.068 36  22 5 1  
3.081 36 22 5 1  
3.107 35 22 5 1  
3.246 3 6  27 57 
3.189 36 22 52 
3.225 3 6  22 52 
3.238 36 22 52 
3.271 37 22 53 
3.279 38 22 5 4  
3.283 40  22 56 
3.292 39 22 55 
3.253 4 1  22 S R  
3.283 40  22 57  
3.254 42 2'7 5 9  
3.284 42 22 60 
3.284 43  22 h l  
3.284 4 4  22 6 2  
3.284 44 22 5 3  
T E Y P  
1001)@. 
11000. 
13000.  
12000 . 
14000. 
15Or)CI 
16003n. 
17000.  
19000 
19090.  
Z Y E  1 
1.r)OOE 00 
I .OOOF 00 
7 YE? 
7.000F 0 0  
2.00c)F 00 
2.0OQE 0 0  
2.300E 00 
Z.Oc!OE 00 
ED 
9.971E-03 
1.514E-02 
1.626E-02 
I .  7 0 n ~ - o 7  
1 64QE-02 
1.630E-02 
1 596F-02 
1 56 lE -02  
1.53OF-02 
1.501E-02 
A V  FY 
0.372 
0.839 
0.667 
0.731 
0.637 
0.624 
0.617 
0.622 
0 607 
0.603 
0.599 
0.507 
0.596 
0.595 
0.595 
0.595 
0.594 
0.595 
0 594  
0.594 
0.5Q4 
0.594 c). 593 0.594 
0.591 
0.588 
6.595 
0.592 
0.581 
0.578 
3.577 
0.577 
0 577  
0.577 
0.576 
0.576 
0.576 
0.576 
0.576 
0.576 
Z 
1.654 
1.917 
2.199 
2 0 409 
2.523 
2 5 7 7  
2 6 0 4  
2.625 
2.667 
2 6 4 7  
2.h93 
2 .602  
2.700 
2. h 9 7  
2.702 
2.703 
7.703 
2.704 
7 . 705 
2.705 
2.705 
2.706 
2.70n 
2.712 
2.720 
2.734 
2.764 
2 750 
2.769 
2.782 
2 7 8 7  
2.786 
2 0 79R 
2.7SA 
7.799 
2.789 
2 789 
2.789 
2 . 7 8 9  
2.789 
MH 
3 7  
3? 
29 
2S 
29  
78 
29 
29 
29 
30  
30 
30  
3 1  
3 1  
3 1  
32 
32 
32 
33 
32 
33 
34  
3 4  
14 
75 
3 5  
15  
36  
3 6  
3 7  
37  
3F1 
39  
41) 
4 0  
41  
42 
42 
43  
4 3  
WH E 
22 
22  
22 
22 
22 
22 
22 
22 
22 
7? 
22 
22 
22 
22 
22 
22  
22 
22 
22 
22 
22 
2 2  
22  
22 
22 
22 
22 
22 
22 
72 
22 
22 
22 
22 
22 
22 
22 
2 2  
22 
2 2  
YHE 1 
57 
45 
4 0  
42 
40 
4 0  
4 1  
4 1  
42 
42  
43 
43 
43 
44  
4 4  
45 
45 
4 6  
46 
46 
47 
48 
48 
4 9  
49 
50 
50 
5 1  
5 1  
52 
5 3  
54 
55 
5 5  
57 
58  
60 
5 9  
6 1  
62 
D. R A D  
1 o459E-05 
1 1 l6E-05  
2.005E 00 
2.014E Or) 
2 . 0 3 5 ~  no i .0006 00 
I.OOOE 00 
1.OQOE 00 
2.097F 06 
2.707F 0 0  
2.436E 00 
2.927E 90 
4.759E 00 
3.h51E Or) 
6.91hF 00 
9.291E 00 
1.837E 02 
2.433E 0 1  
3 . l h3E   01  
"~ ~. 
l o 7 5 0 F  01 
1.000E 00 
1.003E 00 
l . O O l E  00  
1.005E 00 
1 .r)OOF 0 0  
2.OOOF 00 
2.0Or)E I)@ 
2.000E 3 0  
2.0r)OE 00  
7.000E 00 
20090 
2 1000 . 
22000. 
2 4 0 0 0 .  
23000. 
1.010E 00 
1.020E 00 2;60@€ 6 0  9.992E-06 9.7RhF-Oh 
1.037F 00 2.OOOF 00 1.021E-05 
1.0h5E 0 0  2.000E 30 1.043E-05 
1.109F 00 
7 . 0 O O F  0 0  1.471E-02 
1.441E-02 
1.3BlE-Oil 
1 .41@E-02 
1 353E-02 
1.126E-02 
1.301 F-07 
1.277F-07 
1.2 54F-02 
1 . 2 3 x - 0 7  
1.2 12E-02 
1.14"lF-QZ 
1.174t-02 
l . l l l E - 0 2  
1.0S9F-02 
1.057E-92 
1.071  F-02 
1 042F-02 
1 C34E-02 
9.9Or)F-03 
9 . 4 h l F - 0 3  
9.064E-03 
9 . 7 l l E - 0 3  
R .  395F-03 
9 112E-03 
7.855E-03 
7 W O E - 0  3 
7 -406E-03 
7.209E-03 
7.027E-03 
2.OOOF 0 0  1.064c-05 
250000 4.432E 01 
2b003.  5.591F 01 
2700C'. 6.945F 91 
0 29000.  1.123F '32 
28000. 8.504F 01 03 
300r)3 
32000.  
34000.  
36QOD 
3soon.  
1.341E 02  
2.022E 03 
2.693E  02 
3.477E 02  
4.759F 0 2  
2. l h 2 E  0 0  2.00C'E 00 1.1flRF-05 
3.1OOF 00 2.000F 00 1.227E-05 
4.54l.E OC! 2.001E 00 1.263E-05 
he435E 0 0  2.007F 00 1.296F-05 
9.538E 0 0  2.005E 00 lo323E-05  
5.R49E 07 1.341F 01  2 012F 00 
7.049E 0 2  1.941E C?1 2.026E 0 0  
3.R24E 02  2.934E 0 1  2.075E 00 1.393F-05 
1.51OE 0 3  5.242E 0 1  2.321E 00 1.455E-05 
9 . 0 7 4 ~  0 2  2 . 4 6 1 ~  01 2 . 0 5 4 ~  oo 1 . 3 ~ 2 ~ 0 5  
40000  
42000.  
44000.  
50000.  
50003. 
55000.  
65000 
70093 
45030 
75000.  
2.010E  03 
2.759E 03 
3 .  645E 03 
4.669E 03 
5.425E 03 
A'.723F 0 1  
1. 337E 02  
1.920E 02 
2.671E 0 2  
3.433F  02 
3.069F 00 
4.937E 30  
8.95RE 00 
l.6bP.F 0 1  
3.020E 0 1  
R O O 0 0  
85000.  
90000 
95000 .  
1 ooooc! . 
60653E 0 3  
8.022E  03 
R . 9 9 2 E  03 
1.045E 04  
1.136E 04  
4.345F 02 
5.357E  02 
6.449F 0 3  
5.221E 0 1  
8.599F 0 1  
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l.C)05F 00 
1.01OF 00 
1.020F 00 
4 .?26F-03 
4.8  07E-03 
4.691E-03 
4.5 ROE-03 
4.476E-03 
4.17RE-03 
4.297F-03 
2.000E 00 
2.000E 0 0  
i . o 3 f E  00 z.oooE 00 
1.065F 00 2.000E 00 
1.109F 00 2.00CE 0 0  
2500c.  1.17SE 0O 
1.40hE 00 
1.338F 00 
1.591F 00 
1.271E 00 26003.  
2 7 0 T I .  
W 28000.  
0 23001). 
3 I49hE-05 
3.562E-95 
3.627F-05 
3.69OE-05 
30000  
32339.  
3 4 0 0 0 .  
36QO0 . 
3 5 0 0 0 .  
4000n.  
4 7 3 3 0 .  
4400cI. 
4500P. 
50030.  
7.354E 02 2.147E 0 0  
1.073E 03 3.100E 00 
1.504F 03 4.541E 00 
2.OOOF 0 0  
2.001F 00 
2.004F 3 0  
3.011E 00 
2.r377F 00 
2.065E 00 
2.291E 00 
2.4015 00 
3m795E 90 
2.142F 00 
9.076F 00 
4.142E 3 1  
1 .AhPE 0 1  
5 . 6 5 6 E  0 1  
1.509F 02  
2.36RE 02 
7.470F  02 
1.633E '33 
4.R15F 0 2  
1.141E 9 3  
3.750E-05 '3.939F-03 
7 962E-0 5 3.729F-03 
3.949E-05 3.646F-03 
6.635E 00 
9.53RE 00 
4.010€-05 
4.064E-05 
1.341F 01 
1.94l.E 01 
2.46AE 01  
5.242F 0 1  
2.334F' 0 1  
4.135E-05 
4.21RF-05 
4.307F-05 
4.354F-05 
4.5R3E-05 
3.482E-03 
3.343E-03 
3.414E-03 
3.307E-0'3 
3.142E-03 
4I745E  03 
P.OO7F 03 
5.384F 03 
50C)OO.  
7QOO0. 
75 000. 
55000.  
65000  
80000 
95000.  
9000C. 
100000. 
95000 
1.146E  04  9.723F 0 1  
1.54AE 0 4  1.337E 0 2  
2.0h5E 04  1.320E  02
3.433F 0 2  
2.562F  04  2.621E 02 
4.906E-05 
5.019E-05 
2.996E-03 
2 .757E-03 
2.RSQE-03 
2.657E-03 
2.567E-03 
5.223E-05 
5.42OF-05 
5.610E-05 3.103E  04 
4.4FISF 04 
5 .  175E 0 4  
3.697F 04 
6 . 6 6 2 ~   0 4  
5.900E 04 
4.349E  02 
5.357F 0 7  
5.794F-?5 
5.972E-05 
2.485F-03 
2.411E-03 
73 
22 
h.44QF 07  h.145E-05 2.343E-63 
6.313F-05 2.291E-03 
6.477s-05 2.723E-03 
iij9 
22 110 
Mns s 
TEWD 
l O C I O 0 .  
11003. 
12000. 
11000. 
14OqO. 
15000. 
16000. 
19000.  
17000 . 
19000. 
20000 . 
2 1090. 
22000. 
2300@. 
240cIO. 
25000 
25000. 
27000. 
\o 
P 28000  I 29003 
30000 
34003 
32033 
38000. 
36030. 
40000 
420OO. 
4400C. 
45090. 
50000 
55000 
50000. 
70OOO 
6'5000 . 
75000. 
85000 
93000. 
90000. 
95000. 
lO0000. 
F R A C T I O N  I F  
ZH 
ATCPFC H Y D R O G E Y  IS 1.000 G A S  D E Y S I  T Y  
THE1 
2.013E 00 1.000E 0 0  
7.043F or) 1.r)OOE 00 
2.366E 00 l.mO00E 00 
2.133E 09 1.000E 00 
2.926F 0 0  1.000E 00 
4.086E 00 
6.021E D O  
9.h26E 00 
2.476E 01 
1.554E 01 
3.h46E 0 1  
7.669E 01 
5.510E 01 
1.099E 02  
1.537E 07 
2.674E  02 
1.993E 0 2  
3.342F 02 
4.337E  02 
5.262E 02  
6.641E 07 
9.701E 02 
1.296E 03 
1.763F 0 3  
2.332E  03 
3.815E  03 
3.014E 03 
4.525E 03 
50135E  03 
7.642E  03 
1.115E  04 
1.481E 04  
2.456F  04 
1 979E  04 
2.977E 04  
3.587E  04 
4.312E 04  
4.Q75E 04  
5.675E 04 
6.42J.E 04 
1.00CE 00 
1.00PE 00 
1.001E 00 
1.002E 0 0  
1.005F 00 
1.010E 00 
1.020E 00  
1.037E 00 
1.065E 00 
1.109E 00 
1.175F 00 
1.406E 00 
1.839E 00 
2.162E 00 
3.100E 0 0  
4.541E 00 
6.635E 00 
1.271E 0 0  
1.591E QcI 
9.535E 00 
1.341F 01 
2.468E 0 1  
1.941F 0 1  
2.934F 0 1  
5.247E @ l  
8.723E 0 1  
1.337E 02 
1.920E 0 2  
2.621E 02  
3.433F 02 
4.349E 0 2  
5.357E 02 
6.44qE  02 
7.614E 0 2  
4.942E 0 2  
ZHE2 0 .  R A D  ED 
2.000F 00 2.7h5E-05 5.207E-03 
2.OOOF 30 2.375E-05 6.062E-03 
2.000E 00 2.316E-05 h.217E-03 
2.000f 00 2.257E-'I5 6.297E-03 
2.000F 00 2.382F-05 6.046E-03 
IS 1.0000E-09 
7.000E 00 2.457E-05  5.86OE-03 
2.00OE 00 2.534E-@5 5.653E-03 
2.000E 00 2.610E-95 5.517E-03 
7.000F 00 2.485E-05 5.363E-03 
2.000E 00 2.758E-05 5.221E-03 
2.000F 00 2.829F-05 5.090E-03 
2.000F 00 2.899E-05 4.9h9E-03 
2.000F 00  3.033F-05 4.748E-03 
2.00CIE 00 2.966E-05 40954F-03 
2.00CE 00  3.099E-05 4.649E-03 
2.000E 90 3.162E-05 4.554E-03 
7.000F 0 0  3.734E-05 4.4hhE-03 
2;ObOE 00 3I235E-05 4.3A3E-03 
2.000E @ @  3.345E-05 4.304E-03 
2.000E 00 3.404E-05 4.230E-03 
2.000F 0 0  3.463F-05 4.159F-03 
2.003F 00 3.686E-05 3.907E-03 
2.010E 00 3.792E-05 3.797E-03 
2.001E 00 3.576E-05  4.027E-03 
2.025F 0 0  3.896F-05 3.696E-C)3 
7.06 lE 90 3.997E-05 3.602E-03 
7.133F 0 0  4.096E.-O5 3.5 16F-03 
2.7'37F 0 0  4.239E-05 3.397E-03 
2.272E 0 0  4.192E-05 30435F-03 
3.6R3E 00 4.469E-05 3.223E-03 
7.939F 00 4.686E-05  3.073E-03 
1 . 9 1 5 E  0 1  4.R94E-05 2.942:-03 
4.063E 0 1  5.093E-05 2.827E-03 
R.lh7E 0 1  5.285E-05 2.724E-03 
1.553E 02  5.471E-05 2.632E-03 
2.7Q7E 02  5.650E-05 2.54QE-03 
4.550E 02 5.A24F-C5 7.473E-03 
7.764F 0 7  5.992E-05 2.403F-03 
1.08OF 03 6.156E-05 2.339E-03 
1.590E 0 3  6.316F-05 7.2ROE-03 
A V E W  
0 663 
0.513 
0.527 
0.508 
0.507 
0.506 
0 . 506 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.567 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0 504 
0.504 
0.504 
0 504 
0.504 
0.504 
0 504 
0.504 
z 
1.521 
1 777 
1.966 
1.914 
1.984 
1 990 
1 993 
1 9 9 4  
1 .995 
1 995 
1 996  
1 996 
1 996 
1 .?96 
1.996 
1 997 
1.997 
1.997 
1.997 
1 997 
1 997 
1 9 9 7  
1 . 0 9 8  
1 997 
1 998 
1 . 9Q8 
1.99q 
1 ea98 
1.99R 
1 998 
1.998 
1 998 
1 999 
1 998 
I. 999 
1 999 
1 999 
1 999 
1 999 
1 99? 
YH 
5 1  
4 7  
46  
45  
47 
48 
48  
49  
5 0  
5 1  
5 2  
5 1  
52  
53  
5 4  
54  
55 
5 5  
56 
5 h  
5 8  
5 7  
58  
5 9  
60 
6 1  
62 
62  
6 3  
6 4  
6 6  
6 7  
7 0  
69 
7 1  
73 
7 4  
75 
76  
7 7  
MH E 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
MHE 1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
T E V P  
10000. 
1 1 9 3 3 .  
12000. 
13090 
14030 
20000.  
21003.  
22000 . 
23030 . 
2400c.  
25000 .  
2 5 0 0 0 .  
77OOP 
29000. 
2 9 0 0 0 .  
30000 0 
32000. 
35000.  
1/+000 . 
3 9000. 
\D 
N 
400013. 
4 2000 
44090 
$5090 .  
5 @00@ 
55000.  
50009 0 
65000 
70000 .  
75000 
ROOOC!.  
35000 .  
90OOP. 
103000 . 95000.  
ZH 
4.699E 00 
6.454E 0 0  
8.915E 0 0  
1.303E 01 
7.093F 01 
3.685E 01 
h.7h4F 0 1  
2.129E 02 
1.221F 02 
3.527F 0 2  
5.456F 01 
8.306E O? 
1.195E  03 
1 . 7 0 6 ~  03 
2.320F 0 3  
3.0P4F C 3  
4.921F Q 3  
5.800E 03 
6.593E 03 
4.01RE 07 
7.026E 03 
8.229E 0 3  
1.019E 04 
1 . 2 8 5 F  94 
1 .6 ,hOE 04 
2.095F  04 
3.594F  04 
3.235F 04  
3.504E 04 
5 . 3 5 5 E  94 
7.666E  04 
1.D44F r)5 
1.370F 05 
I. 704F 05 
2.115E 7 5  
Z H F l  
1 .r)T)OF 00 
1.OOPF 00 
1.r )OOE 00 
1.000E 00 
1.OOOF 00 
1.000E 00 
1.9ncE o(! 
1 . O C l E  Or! 
l.r?07E 0 0  
1.005E 00 
1.32OE 00 
1.OlOE 00 
1 oQ37E 00 
1.065E 0 0  
1.109E 0 0  
ZHFZ 
2.000E 0 0  
2.00oc 0 0  
2.000E 0 0  
2.00CE 0 0  
2 e O O O F  0 0  
2.000E 0 0  
2.900E 3 0  
2.000E 0 0  
2.000E 0 0  
2.000E 00 
2.000E 0 0  
2.000E 00 
2.000E 00 
2.000E 00 
2.00CE 0 0  
1.175F 00 2.OOnF 0 0  
1.271E 00 2.000E 0 0  
1 406F 0 0  2.000E 0 0  
1.591E 00 2.001E 30 
1.93RF 0 0  2.001E 00 
2 . l h2F  0 0  2.003E 90 
3.1OOF 0 0  2.00SE 0 0  
4.541E 0 0  2.025E 90 
0 . 5 3 9 E  0 0  2 .191F  0 0  
4 . 6 ’ 3 5 ~  00 2 . 0 7 n ~  00 
1e341E 0 1  
2.4613E 0 1  
ZoQ34F 0 1  
5 . 2 4 2 E  01 
1.941E 01  
9.723E 01 
1.333E 02 
2e621E  07 
1 . 9 2 Q E  02 
3.433E 02 
4034PE 02 
5 .  357F 02 
6.449F 07 
3 ;9@2F 05 7; 614E 07 
4.417’ 0 5  ?.542E 02 
2.437F 0 0  
2.929E 0 0  
3.906E 00 
1.383F 01 
4.665E 0 0  
4.190E 0 1  
1.129E  02 
2.679E 02  
5.600E 02 
1.069E 03 
1.922E  03 
3.197E 0 3  
4.975E  03 
7.520E 0 3  
1.095E 0 4  
0. Q A @  
9.929F-94 
5.317F-04 
FD 
1 45OE-04 
3.7 ORE-04 
31240E-04 4.445E-04 
1.79hE-04 8.015E-04 
2.245F-04  6. 10€-04 
1 642  E-04 
1.624E-04 
1 . 6 5 1  E-04 
1.692E-04 
1.73hE-04 
1 7SOE-04 
1.823E-04 
I. 366E-04 
1.907E-04 
I .945E-04 
_ ” ~  - 
1.976E-04 
1 .992E-04 
1.923F-04 
1.825E-04 
1.707E-04 
1 e979F-04 
1.5  13E-04 
1 425E-04 
1.412E-04 
1.430F-04 
1.459E-04 
1.492F-04 
1.526E-04 
1.543E-04 
1.625F-04 
1 705E-04 
1 853E-04 
1.7F)OE-04 
1.973F-04 
1.990F-04 
2 055  E-04 
2.180E-04 
2 240E-04 
2.119E-04 
2.29RE-04 
R.7hSF-04 
A .  F169E-04 
8.720E-04 
8.510E-04 
5.295F-04 
8.090E-04 
7 .  R97E-04 
7 . 7  17E-04 
7.552E-04 
7.404E-04 
7.297F-04 
7.22RF-04 
7.488E  -04 
7 2 75F-04 
7.891E-04 
9.515F-04 
1 010E-03 
1 .O?CF-03 
8.434E-04 
1.007F-03 
9.868E-04 
9 h W E - 0 4  
9.437E-04 
9.334E-04 
8. 859E-04 
8.449E-04 
8.05RE-04 
7.771E-04 
7 .499E-04 
7.235E-04 
7.006E-04 
6.797E-04 
A V E M  
3 0941 
3. 772 
3 . 791 
2oR45 
2.374 
2.130 
2 043 
2.016 
2 0 0 4  
7.003 
2 . 003 
2.002 
2 . 002 
2.000 
1 996 
1.984 
1.95P 
1 .a29 
1 9 0 5  
1 730 
1 5 3 7  
1.428 
1.367 
1 345 
1.341 
1.339 
1.337 
1 337 
1 336 
1.336 
1 336 
1 3 3 6  
1.336 
1 336 
1.336 
1 3 3 5  
1 . 3 3 5  
1 335 
1 3 3 5  
2.007 
Z 
1.016 
1 062 
1.181 
1.408 
1-68’? 
1.F181 
1 961 
1.987 
1 . 395 
1.998 
1.999 
2 . 0 0 0  
2 000 
2 . 001 
2.002 
2.007 
2.018 
2 0045 
2 rn 099 
7 . 1 8 9  
2. 314 
2.606 
2.824 
2 930 
2.971 
2.987 
2.993 
2 996 
2 99h 
2 998 
2.998 
2 0998 
2 998 
2 999 
2.999. 
2 999 
2 . 999 
2 999 
2 . 999 
2 999 
MH MHS M H E l  
0 22 433 
0 22 315 
0 22 247 
0 22 205 
0 22 184  
0 22 176 
0 22 175 
0 22 176 
0 22 178 
0 22 2 8 1  
0 22 183 
0 22 1 8 5  
0 22 187 
0 22 189 
0 22 191 
0 22 193 
0 22 193 
0 22 190 
0 22 193 
0 22 1 8 5  
0 22 179 
0 22 164 
O 22 159 
0 2 2  163 
0 22  164 
0 22 165 
C! 22 167 
c) 22 1 6 9  
0 22 170 
0 22 175 
0 22 179 
0 22 183 
0 22 187 
0 22 190 
0 22 193 
0 22 200 
0 22 197 
0 22 202 
0 22 205 
0 22 208 
M A S S  FR4CTtON OF ATIWTC HYDRflGFY I S  0.333 G A S  DENSITY T S  1.0000E-10 ( G R / C M 3 1  
TEMP 
11000. 
1 on9c. 
lZ000 . 
13033 
14000 
15000 
1 bo00 
17000 
19000  
1 9000 . 
703OO. 
21003. 
22099. 
230O)o 
24000 
25000 rn 
2hOOO. 
29030. 
29000 
30090 
32000. 
360100 
39090 
40000 
‘+2orJo. 
44009. 
45000. 
50000 . 
55000. 
53003. 
65000 
70000 
75030.  
90000 
95000.  
90000  
95000 
1000’)n . 
27000. 
u) 
w 
34003. 
t H  
2.451F 00 
2.104E 0 0  
6.331F 00 
1.173F  01 
3.576F 00 
2.204E 01 
4.0h7E 0 1  
7.513E 0 1  
1.280F  02 
2.074E 02 
40939E 02 
3.30SE 02 
7.130E 02  
1.026E (33 
1.401E  03 
1.870E  03 
2.446E 03 
3.869F 03 
4.595E  03 
7.05l.E 03 
5.489E O3 
9.175E  03 
1.187E  04 
1.535E  04 
1.940E  04 
3.141E 0 3  
2.402E 04 
2.924E  04 
3.24RF 04 
4.974E o‘+ 
7.134F 04  
9.736F  04 
1.249E 05 
1.592E 05 
1.936F 05 
2.309E 05 
2.709E  05 
3.136E 05 
3.589E 05 
4.068E 05 
ZHF: 1 
1 OOOF 
1.  OOOE 
1. OOOE 
1.OOOE 
1 OnGE 
1 OO@F 
1 OOOE 
1 002E 
1.001F 
1.005E 
1.OlOF 
1.020F 
1 037E 
1 O65E 
1.109E 
1 175C 
1.271E 
1.406E 
1.591E 
1 53RE 
3.1 OOE 
2.162E 
4.541 F 
6 635E 
9 . 5 3 R F  
1 341E 
1 541E 
7.468E 
2.934c 
5 242‘ 
9.773F 
1 337E 
1.92CIE 
7. h21E 
3.433F 
4.34@€ 
5.357E 
6 44QE 
7.614E 
Q.947E 
00 
0 0  
00 
oe 
00 
00 
00 
0l! 
0 0  
00 
00 
OC 
0 0  
0 0  
00  
0 0  
00 
OD 
00 
00 
09 
0 0  
00 
0 0  
0 0  
0 1  
01 
01 
01 
0 1  
01  
0 2  
02  
c 2  
02  
07  
02  
0 2  
O ?  
02 
ZHF 2 
7.00CF 95 
2.000E 00  
2.000F or! 
2.000F 0 0  
2.000E 30 
2.0P3F 0 0  
2.000E 00  
2.000E 00 
2.00QE OP 
2.000F 00 
2.0COF 00 
2.000F 00 
2.000E 0 0  
2.OC)nE 00 
2.00OE 00 
2.000E 00  
2. O C O E  O @  
2.000E 09 
2.00lE  00 
7.00cIF 0 0  
2.007~ 00 
2 . 1 6 4 ~  00 
2.OQ7E 00 
2.023E 0 0  
2.064F 0 0  
2.392E 00  
2.Q64E 9 0  
3.774E 00 
4.495E 00 
1.2Q5E  01 
3 . 5 5 6 F  01 
1.041E 02 
5.172E 02  
2.472F  02 
9.383E 0 2  
1.750E 93 
2 .Q lQF 3 3  
4.616E 0 3  
1.019E 04 
5.9R5E 0 3  
D. 9rZD 
1 125E-04 
1 1Q3F-04 
1 163F-04 
1 13hE-04 
1.155E-04 
1. ?@OF-04 
1 144E-04 
1 169E-94 
1 199’-04 
1.2’31E-04 
1.293F-34 
1 262E-04 
1.353E-04 
1.324E-04 
1.3PZE-04 
1.409E-04 
I -434E-04 
1 454E-04 
1.46hE-04 
1.463E -04 
1.443E-C14 
1.335F-04 
1.334E-04 
1 356F-04 
1.385E-04 
1.449E-04 
1.544E-04 
1 3 76E-04 
1 41  7E-04 
1 -466E-04 
1 e619E-04 
1.691E-04 
1.760E-04 
1 . ‘?27F-04 
1.891  F-04 
1 .?53E-Q4 
2 01 3E-04 
2.071F-04 
2 12qE-04 
2.183E-04 
ED 
1.247E-03 
1.2!3OE-03 
1.199E-03 
1 . 2 0 7 ~ - 0 3  
1 23QE-03 
1 ..?67F-O3 
1 2 5 W - 0 3  
1.23?E-03 
I .  201E-03 
1.170F-03 
l m 1 1 3 F - @ 3  
1.141F-03 
1.0h4E-03 
1. Q47E-03 
1.022E-07 
9. P24E-04 
Q.o00E-@4 
9. S45E-04 
9.992E-04 
1.04hE-03 
1.079E-03 
l.Oh2E-03 
1 OPSE-03 
1 . 0 0 4 ~ - 0 3  
1 m079E-03 
1 039F-03 
1.016F-03 
9.934F  -04 
9-925E-04 
0.325F-04 
9 .RQZF-04 
P.514F-04 
7.51(3€-04 
9 1 WE-04 
7.6 16E-O4 
7 374E-04 
7 154E-04 
6 953E-04 
6.  767E-04 
6.596E-04 
A V E Y  
1.236 
1.205 
1. 172 
1 104 
1 046  
1. 020 
1.012 
1.009 
1 . 009 
I. 007 
1 .OO7 
1.007 
1 007 
1.007 
1.006 
1 . 005 
0.997 
1.003 
0.9fl7 
1.215 
0.971 
0.927 
0 874 
0.891 
0.867 
0.864 
0.863 
0.863 
0 563 
0 862 
0.862 
9.962 
0.F162 
0.862 
0.563 
0.862 
0.962 
0.962 
0.862 
0.862 
z MH YHF MHEl 
2.433 1 0 3  22 145 
2.474 104 22 147 
2.496 106 22 150 
2.566 106 22 150 
2.724 104 22 14R 
28.575 103  22   145 
2.948 103 22 145 
2.973 105 22  149 
2.991 106 22 150 
2.984 107 72 152 
2.985  100 22  154 
2.986 111 22  158 
2.986 110 22 155 
2.9Rh 113 23 159 
2.907 114  22 1 6 1  
2.988 115 22 163 
2.901 116 22 164  
2.099 117 22 1 5 5  
3.015 117 22 166 
3.046 117 22 146 
3.097  116  22  165 
3.244  113 22 1 6 1  
3.442  117 22 158  
3.374 112 22 1 5 8  
3.469 1 1 3  22 150 
3.479 114 22  161 
3.4P3 115  22  163 
3.495  116 22  165 
3.457  120 2 2  170 
3.487 123  22 114  
3.487 131  22 195 
3.487 1 2 R  22 1 8 2  
3.497 133 22 158 
3.455 117 22  166 
304A7  126  22 17? 
3.457  135 22 192 
3.487 1 3 7  72 194 
3.487 139  22  197  
3.4RR 143 22 203 
3 . 4 8 8  1 4 1  22 200 
TEMP 
10090. 
11090.  
12090.  
13000.  
141330 e 
15O90. 
l b 0 0 0 .  
17900.  
19090.  
19070.  
20000.  
21033.  
27000.  
230r)c. 
24090.  
25090.  
26003. 
27090.  
29000 . 25000.  W c. 
40090.  
' + ? 0 3 0 .  
44000.  
45300. 
50000. 
55000. 
60000.  
700r)O. 
75000.  
65000  
85000. 
8003O. 
90000 
95000 
1001)oo. 
Z Y  
2.068' 00  
2.293F Q0 
3.001E 00 
4.334E 00 
9.204F 00 
1.727E 0 1  
5.8CIOE 01 
9.870E 01  
1.65r)F  02 
2.563F 0 7  
3.934F 02 
5.546E 02 
7.789E 0 2  
1.097E '33 
1.467E 0 3  
2.474F 03 
1.922E  03 
3.947E 1)3 
3.807E @ 3  
6.332E  03 
4.55QF Q3 
8.4hlE 0 3  
1.417F  04 
3.239E 01 
1.095E 0 4  
l.*4CIE 04  
2 . 3 3 0 E  04 
2.776E  04 
3.0RI;F: 04  
4.731E 04 
6.793E  04 
Q.2R3E 04 
1.192E  05 
1.4R6E 05 
l.959F 05 
2.2055 05 
3.003F 05  
2.593F 0 5  
3.439E  05 
3.81QE 05 
Z H E l  
I .000F 
1.000E 
1.0C10E 
1.030E 
1. OOOE 
l .O@OE 
1.001E 
1. O O Z E  
1 005E 
1.02C)E 
1.9lOF 
1 .065E 
1 037E 
1. l 0 o E  
1 175F 
1.271E 
1.406E 
1 . 5 Q l E  
1.839F 
7 162E 
1 000F 
3.1 OOE 
6.535F 
4.541E 
9.53nE 
1. R41E 
1. 341E 
2.46RE 
5.242F 
q.723E 
1.337F 
2.671E 
1.92cIF 
3.433E 
4.34PF I;. 357F 
2. A34E 
6.449E 
7e614F 
9.842E 
00 
0 0  
00 
00 
00  
00  
00  
00  
CO 
0 0  
00  
90 
0 0  
0 0  
00 
00  
00  
0 0  
00 
0 0  
0 0  
008 
0 0  
0 0  
0 1  
0 1  
01  
01 
01 
0 2  
01 
02 
0 2  
07 
0 2  
0 2  
02 
02 
02 
ZHE2 
2.000F 0C 
2.00CIE 3 0  
2.1)OOF 90 
2.00OF 00 
2.009E 00 
2.OclOE no 
2.900E 0 0  
2.nOOK 0 0  
Z.OOnE 39 
2.000F 3 0  
2.000E 30 
2.000E 0 0  
2.000E 0 0  
2 . r l O C E  00 
2.ooo.F 0 0  
2.01)OF on 
2.000E 00 
2.00PF 00 
2.001F 00 
2 . 0 0 0 ~  qo 
2.037E 0 0  
2.007E 90 
7.021E 00 
2.O6lF 00 
2.15hF 00 
2.81 7E 0 0  
2.371E 00 
3.h7oE O @  
4.353E 00 
1.220E 0 1  
3.5SOF 01 
9.905E 01 
2.314E 'I2 
4.926E  02 
9.42CF 0 2  
D. R A D  
S .544E-05 
5.649E-05 
9.232F-05 
9.953E-05 
Q.3hQE-05 
9 -447E-05 
9.622F-05 
9.86RE-C!5 
1.014E-34 
1.041E-04 
ED 
1.685E-03 
1 .  bh5E-03 
1.608F-03 
1.533F-03 
1.537E-03 
1 o524E-03 
1.497E-03 
I .  459E-03 
1.470E-03 
1.383E-03 
1 aO6QE-04 1 o349E-03 
1.094E-04 1.316E-03 
1.119E-04 1.286F-03 
1.145F-04 1.259E-03 
1.169F-04 1.232E-03 
1 . 1 W E - Q 4  
1.21hE-04 
1 e73.7E-04 
1 -255E-04  
1.26qE-04 
1.27F;E-r)4 
1 277E-04 
1 264E-04 
1.269E-04 
1.303E-04 
1.333E-04 
1.364E-04 
1.39hE-04 
1.41 1 F-04 
1.4R7F-04 
1 -629E-04 
1 56CIE-04 
1 695E-04 
I . 7 5 9 ~ - n 4  
1 . 9 7 1  E-04 
2.7R6E 03  1.9 RE-04 
4.40QF 03 1.995F-04 
1.671E 0 3  1.981E-04 
6.575E 0 3  
9.597E Q3 
2.049E-04 
7.102E-04 
1.207E-03 
1.194E-03 
1.164E-03 
1.147E-03 
1.135E-03 
1.12OF-03 
1.134E-03 
I. 139E-03 
I. 1O5E-03  
1.127F-03 
1 .C)AOE-03 
1.056E-07 
1 .O32E-03 
9.633F-04 
1.02OE-03 
9 . 7 3 3 E - 0 4  
R .840E-04 
s . 494E-04 
9 195E-04 
7.90SF-04 
7.657E-04 
7.42qF-04 
7.219F-04 
7.027E-04 
6. R4aE-04 
A V E Y  
0.909 
0 7R4 
0.777 
0.771 
0.754 
0 776 
0.726 
0.772 
0.721 
0.72cI 
0.720 
0.720 
0.720 
0.7?0 
0.770 
0 720 
0.719 
0.719 
0.715 
0 .711 
0.697 
0.684 
0.676 
0.574 
0.672 
0.672 
0.720 
0.472 
0.577 
0.672 
0.672 
0.672 
0 .671  
0.671 
0 . 6 7 1  
0.571 
0.671 
0.671 
0.671 
0.671 
Z MH MHE MHEl 
2.729 8 9  2 2  127 
2 .916  00  22 127  
2.840 91 22 130 
2.925 0 4   2 2   1 3 3  
2.854 9 3  22  132 
3.000 9 4  22 133 
3.041 95 22 134  
3.062 9 7  22 138 
3.064 99 22 140  
3.056 96 22  136 
3.064 100 22 1 4 1  
3.065 1 0 1  2 2  143 
3.065 102 22 145 
3.065 103 22 147 
3.065 105  22 149 
3.666 106 22 150 
3.P67 137 22 1 5 1  
3.069 10.9 22 1 5 2  
3.075 105 22 153 
3.085 109 22 154  
3.104 1 O q  2 2  1 5 5  
3.166 109 22 1 5 4  
3.?62 109 7 2  155  
3.22s 109 22 154  
3.277 110 2 2  156 
3.202 112  22 I S 8  
3 . 7 8 4  1 1 3  22 160 
3.295 1 1 4  22 162 
3.295 115  2 2  163 
3 . 7 4 6  118  22 1 6 7  
3.786 1 2 1  22 171 
3.296 1 2 4  22  175 
3.2R6 126  22 1 7 8  
3.287 1 3 1  2 2  1 8 5  
3.237  135 22 1 9 1  
3.287  113  22 188 
3.287 128 2 2  1 R 2  
3.287 137 22 194 
3.287 140 22  199 
3.287 139  22 196 
T E  YP 
l@OO. 
19000 . 
12000 . 
13000 
14000. 
1500P. 
15000. 
17000 
1500P. 
19000. 
20000. 
21300. 
22000. 
23c)OO 
24000 . 
2 5 0 0 0 .  
2'000. 
2 5 0 0 7 .  
28003. 
79r)oo. 
30000. 
32000 
36009. 
3400@. 
39003.  
40000. 
a cn 
423OO. 
44OOO. 
450r)C. 
53000.  
53003. 
5 5000 
65000 
7000( ! .  
75000 
74 
2.057E 00 
2.239F 00 
2.317F 00 
4.406F 00 
7.920E 00 
2.789E 01 
1.497E 0 1  
4.975E  01 
P.730E 0 1  
1.417E 02 
3.298E 02  
2.203E 02  
40777E 02 
6.924E 02 
9.497E  02 
1.270E 03 
l .h67E  03 
7.14SF 01 
2.646E  03 
3.306E 03 
4.079E  03 
5.826,F 03 
8. D06E 03 
l.Oh5E  04 
1.179E 04 
1.744E 04 
2.161E  04 
2.704F  04 
4.495E 04 
2.Q28E 04  
5.842E 0 4  
1.136E 05 
1.45l.E 05 
6 . 4 6 3 €  0 4  
1.767E 05 
7.11C)F OS 
2.479E 05 
2.R74E 05 
3.293E 05 
3 . 7 3 7 ~  rq 
THE1 7 HE? 0. R A D  
1 .OOOE 00 
1.0'00E no 
1.001E 00 
1.002F 0 0  
1.005E 00 
1.01OF 00 
1. 03OF 00 
1.037F 00 
1.065E 00 
1.109E 00 
1.175F 00 
1.271E 00 
1.40hE 00 
1.43RE 00 
1.591F 00 
3. LOOE 00 
2.167E 0 0  
4.541E 00 
5 .  h35E r)0 
9.53RE 0 0  
1.341F 0 1  
1.'341' 0 1  
2.448E 0 1  
2.934E 01 
5.747F 0 1  
1.337E  02 
R.773€ c1 
2.621- 0 2  
3.4-33E 02 
4.34PF Q2 
5.357E 07 
h.449E  02 
7.614E 02 
8.R42E 02 
1.920: 0 2  
2.000E 00 R.48LE-05 
2.0OOE 0 0  8.Q47F-05 
7"700E 00  9.702E-05 
7.00CE 0 0  9.445E-05 
?.000E 00 9.199E-05 
2.000E 00 1.016E-04 
2.000E 0 0  1.039E-04 
7.COCE 9@ 1.0hlE-04 
2.000F 00 1.OR3E-04 
2,r)OPE 00  1.104E-94 
7 m O O O F  30 1.125F-04 
3.000E 3'3 1.144E-04 
2.001F 0 0   l o l 6 l E - 0 4  
2.001F 00 1.176F-04 
2.070F 00 1.213F-04 
2.006E 00 1.196E-04 
21.057E 00 1.237E-04 
2.15OF -00 1 26OF-04 
2.357F 9 0  1.207F-04 
3.61RF 00 1.359F-04 
1.192F 0 1  1.44RE-04 
2.7q7F 00 1.329E-04 
4.2hRE 00 1.374E-04 
1.593E '33 1.R32E-04 
2.657F 0 3  1.88RE-04 
4.20RE 03 1.943E-04 
9.166F 3 3  2.048E-04 
6.377F 03 1.994E-04 
ED 
1.921E-03 
1. A53E-03 
I .  7R9F-03 
1 Q15E-03 
1.73RE-03 
1 . 699E-03 
1.655E-03 
1.565E-03 
1.524E-O? 
1.4RhE-03 
1 6 09 E-03 
1.450E-@3 
1 417E-03 
1 '357F-03 
1.336E-03 
1.329E-03 
1.304E-03 
1 ?80E-03 
1 t59E-03 
1 241)E-03 
1 224E-03 
1 2 Ob€-03 
1 187E-03 
1 164E-03 
1.13SE-03 
1.110E-03 
1.084E-03 
I .OhOE-03 
1 04QE-O3 
9.947F-04 
9.077E-04 
9.430E-04 
R.721E-04 
R.404E-04 
8.119E-04 
7.862E-04 
7.627E-04 
7 -412F-04 
7 2 15E-04 
7.032E-04 
4VFM 
0 647 
0.614 
0 606 
0.62C 
0.611 
0.600 
0 . 594 
0 . 594 
0 . 5 9 6  
O 594 
0 . 597 0 593 
0 . 593 
0.593 
0.503 
0.593 
D . 593 
0.59'3 
0 592 
0.586 
0.591 
0 0 5.8 1. 
0.578 
0 . 577 
0.576 
0. S76 
0.576 
0 rn 576 
0.576 
0.576 
0 576 
0.576 
0.576 
0 . 576 
0.576 
0.576 
0.576 
0 576 
0 .  593 
0.576 
z HH MHE H H E l  
2.486 84  22 118 
2.593 84  22 119 
2.631 87 2 2  123 
2.619 8 5  22 121  
2.652 88 22 125 
2.681 8 9  22 126 
2.698 90 22 128 
2 . 7 0 5  9 1  22 129 
2.707 93  22 131  
2.708 9 4  22 133 
2.709 95  22 1 3 5  
2.709 96  22  136 
2.709 99 22 140 
2.709 9 7  22  138 
2 . 7 0 9  100 22  141 
2.710  101 22  143 
2.710  102 22 144 
2.712 103 2 2  146 
2.711  03 2 2  145 
2.716 104 22  149 
2.722 105 22 149 
2.743 106 22 150 
2.767 107 22 1 5 1  
2.781 108 72 152 
2.796 109 22 1 5 4  
2.789 110 22  156 
2.790 1 1 3  22 160 
2.790 1 1 3  22 161 
2.790 1 1 6  22 165 
2.791 122 2 2  173 
2.791 119 22 149 
2.791 1 7 4  22 176 
2.791 I 2 7  22 170 
2.791 129 22 182 
2.791 1 3 1  22 185 
2.791 133 22 1 9 8  
2.791 135  22 191 
2.791 137  22 194  
2.791 1 3 9  22 196 
2.790 111 22 1 5 8  
T E Y P  
10000.  
11003.  
12009. 
130OO . 
15000. 
150C)O 
17000.  
19009.  
190nn. 
1403n.  
ZHE 1 ZHE 2 0. 9 4 0  ED A V E M  
0.541 
0 . 5 1 4  
0.507 
0 506  
0.505 
0.505 
0.505 
0.505 
0.505 
0.505 
0 -505 
0.505 
0.505 
0.505 
0 505 
0.505 
0.505 
0.505 
0.504 
0.505 
0 . 504 
0.504 
0 504 
0.504 
0.504 
0 504 
0.504 
0 504 
0.504 
0.504 
0 504  
0.504 
0.504 
0 504 
0 - 5 0 4  
0.504 
0.504 
0.504 
OoSO4 
0.504 
z 
1 rn 865 
1 9 6 3  
1 9 9 7  
1.994 
1.996 
1 997 
1.997 
1 997  
1. 998 
1.999 
1 .QQR 
1 998 
1 998 
1 999 
1.999 
1.998 
1 . 995 
1 998 
1.998 
1 99R 
1 998 
1.999 
1 999 
1.999 
1 e 9 9 9  
1.999 
1 . 999 
1 999 
1 . 999  
1 999 
1.999 
1.999 
1 . 999 
1 -999 
1 0999 
1.999 
1.999 
HH 
79 
R O  
8 1  
9 2  
R 4  
85 
B R  
8 6  
Q O  
8s 
91 
9 2  
9 4  
9 5  
96 
9 7  
9 8  
99 
99 
LOO 
101 
103 
104 
106 
107 
109 
110 
111 
112  
115 
118 
120 
123 
175  
1 2 7  
HH F 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
YHEl  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.049E 00 
2.708E 00 
2.190E 00 
1.000E 00 
l.000E or? 2.300E 00  2.000E 00 h.757F-05 6.747F-05 2. 122E-03 2.134E-03 
l . O @ O F  00 6;959F-05 " 
4.0i8E 00 
7.156E 00 
1.332E 01  
4.522E 01 
2.460E 0 1  
7.6R3F 01 
1.247E 0 2  
2.000E 00 
2.000E 00 7.99hE-05  1.801€-03 
1 859E-03 
2. O O O E  00 9.241  E-05  1.747E-03 
2.PrlOE 00 8.711E-05  1.653F-03 
2.000E Or)  R.480E-05 l .bQF1F-03 
1.010E 0 0  2.000E 00 Peq37E-05  1.61lF-03 
1.037E 00 2000CE 00  90373E-05  1.53hF-03 
1.471E-03 
1.(320? 00 2.000E 0 0  9.157E-05  1.572F-03 
1.109E 00 2 .OOOF 00 
1.065E 00 2.00OF 00 9.5R3F-05  1. 03E-03 
7 -744E-05 
20000 . 1.94PF 03 
22000.  4.352E  02 
21000.  2.90AE 02 
23000.  h.125E 02 
2 4 0 0 0 .  8.403E 02 9;7RGE-05 
25or ) r .  
2709~. 
26009.  
29000.  
29090.  
rD 
6 
1.12hE 0 3  
1.480E 03 
1.909E @ 3  
7.942E 93 
2.351E 03 
2.000E 00 
2.090F r)O 
9.QqOF-05 
1.03QE-04 
1.01QE-04 
1.441F-03 
1.41 3F-03 
1 . 3 9 7 ~ 4 3  ?.Or)OE 00 
i.sb1E 0 0  2.000~ 00 i i 0 5 7 E - 0 4   1 . 3 ~ F - 0 3  
" ~- 
1.93FIF 00 2.001E 0 0  1.076E-04 1.33RE-03 
300011 
3 2 0 0 3 .  
3 6 0 0 0 .  
33003.  
340OC 
40000. 
4200P. 
44000 . 
4 5 0 0 0 .  
5 r ) O O O .  
55000.  
60000 . 
65000  
7000O. 
75000  . 
3.632E 03 
5.348E 0 3  
1.007E 0 4  
7 . 3 5 5 E  03 
1.305F 04 
1.h97E 0 4  
2.104E 04 
2.563F  04 
1.34l.E 01 
1.q41E 01 
2.469E 01 
7.R34E 01 
5.242F 0 1  
2.344E 0 0  
2.75RE 0 0  
3.55QE 00 
4.185E 00 
1.157F 31 
1.263E-04 
1.2?4F-04 
1.325F-04 
1.340E-04 
1.412E-04 
1.481  F-04 
2.951E  04 
4.191E 0 4  
6.302E 04 
8.416E 04 
1.109F OS 
1.394E c15 
1 . 6 8 7 ~  05  
F1.723E 01 
1.337E 02 
1.920E 0 2  
2.621E 0 2  
3.433E 92 
3.442E 01 
9.100F 9 1  
7.163E 02 
4.534E 92  
8.6RQE 02  
i i 547E-64 
1.6lOE-04 
1.671  F-04 
1.72qE-04 
80000. 
95000  
90Q00. 
95090  
103003.  
2.015E 05 
2.370'  5 
7.749E 0 5  
3.152E  05 
3.579E 05 
4.348E 02  
6.449E 07 
50357E 02 2.574E 03 
1.542E 0 3  
4.97RE 0 3  
6oOShE 03 
8.949E 03 
1 7R6E-04 8 . 062E-04 
1.994E-04 7.6OlF-04 
1.941E-04  7 921E-04 
7.614E 02 
' - 9 4 2 F  0 2  
i I 9 4 6 ~ - 0 4  
1 . 997F-04 71   396E-04 7.211E-04 
TABLE 5 
97 
h 
7-578F  00 6.000E 00 
7.759E 00 h.190E 00 
4sO''qF 00 6.294E 00 
50740F 0 0  6.327F 00 
7.196E 00 h.275E 00 
20090. 5.29RE-01 
22000. 6 -78   1E-01  
24000.  9.401E-01 
2100C. 6.003E-01 
21000.  7.597E-01 
01 
30000. 1.20hF 00 
32000.  1 297F 00 
1.002E-03  4.470E  25.415E 0 2  3.191F 01 3.21?' 01  
2.51?E-03  P.410E Oil 9.762E 0 2  3.652E 01 3.539F 01 
2.157F-03  7.07hE  02Q0284E 0 7  3.520E 0 1  3.72ZF 01  
1.531E-03  5.723E  26.7Q2E 0 2  3.34PE 01 3.599F 01 
3.436E-03 9.h34E  02 1.113F 0 3  3.824c 0 1  3.195F 01 
3.QSCE-03 1.0h7E 03 l.73OC 0 3  3.940E 0 1  2.541F 01 
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5.115E 0 1  
5.12AE 0 1  
5.142E 0 1  
5.156E 01 
5.174F 01 
5.233E 01 
50357E 01 
5.9l.hE 0 1  
5.588F 0 1  
6.270E 01 
ho571F 01 
6.795F 01 
6.860E 0 1  
7.053F 01 
7.127E 01 
7.173E 01 
7.213E 0 1  
7.246E 01 
7.277E 01 
7.306E 01 
7.334E 0 1  
7.359E 01 
7.364E 01  
7.407E 01 
2 .  m 9 E - 0 8  
3.009F-07 
9.339F-08 
7. ?3R8E-r!7 
1.691F-06 
6.717E 00 
70375E 09 
R.116E 00 
BoR41E Or) 
9.490E 00 
1.010E 0 1  
1.073JE 01 
La141E 01 
1.208.F 01 
2.2676 01 
1.314F 01 
1 0349E 01 
1.371E 01 
1.377E 01 
1 o367E 01 
1.347E 01 
1.719F 01 
1.400E 01 
1.339F 01  
1a490E 01 
1.594E 01 
1.69hF 01 
1.794E 0 1  
1m842E 01 
2.102E 01 
2.353F 01 
2.656E 01 
2.527E 01  
2.765E 01 
2.965F: 01 
2.9hl.E 0 1  
3.052E 01 
3.141E 01 
3.22RE 01 
3.312F 01 
4.027F 0 2  
6.009E 0 2  
8 . 3 4 3 E  02  
1.053F 0 3  
1 . 2 1 7 t   9 3  
4.314F 01 
5.655E 01 
5.244E 0 1  
7 o O R Z E  01 
7.5386 0.1 
6.116E 01  
3.966E 01  
2.959E-06 
4.25QE-06 
5 71  OE-06 
5.957F O i  
6;404F-03 
7 23  1E-03 
4 ; R G o F  oi 
3.217F 01 
zoooo. 
21003. 
22000. 
23000  
240r)O 
7.900E- 03 
R 45OF-03 
8.933E-03 
9.1R1F-03 
9. R11E-03 
1.17QF 0 3  1.320F 0 3  
1.231F 9 3  1.382E 0 3  
1.263E 0 3  1.4225 03 
1 .2R4E 03 1.452F 03 
1.301E 0 3  1.476E 0 3  
1 .315E 03 1.4q7F 0 3  
1.'??7E 03 1.519E 03 
1.340F 0.3 1 .5?RE 0 3  
1.353E 03 1.558E 03 
1.369E 93  1.591E 0 3  
1 . 8 h 6 E  0 1  2.325E 01 
1.084E 01  1.405F 01 
6.903E 00 9.4Ql.E 00 
4.995E 00 7.297E 00 
4.069E 00 6.234E 00 
25000.  
2 6 0 0 0 .  
27OQO. 
29000. 
2 9 0 0 0 .  
3'0000. 
0' 
OD 
5.705E-C6 
5.60RE-06 
5.51  5F-06 
3.627F 00 
3.459E 00 
3.50RF 00 
3.828E 00 
4.587F 00 
5.724F 00 
5 .525F  00 
5.568E 00 
5.422E-Oh 
5.365E-06 
5.912F 00 
6.739E 00 
1.233E-02 
1.327E-02  5.433€-06 
10446E-07 6.062E-06 
l e Q 3 0 E - 0 2  1.029F-05 
1 6 1 l E - C 2  70 63 SF-06 
5 .  '327E-06 
5.43  3E-06 
.63  
 06 2E-06 
 029F-05 
1.38PE 0 3  
1.455F 0 3  
1.903E 0 3  
2.347E 0 3  
1.606E 03 
1.608E 0 3  
1.864E  03 
2.190E 03 
2.673E 03 
1.692F 03 
6.093E 00 8.393E 00 
1.335E 0 1  1m649E 01 
2.950E 0 1  3.519E 0 1  
5.172E 01 6.253F 01 
6.75hF 01 R0349F 01 
32000. 
34000 
38000. 
3 6 0 0 1 ~ .  
GOODO.  
44090.  
45000.  
42000 
5 0 0 0 0  
5 5 0 0 0 .  
50000.  
5 5 0 0 0  
70000. 
75000.  
2 .OR 1E-02 
2.329E-02 
2 0 547E-02 
2 h43E-02 
3.037E-02 
20852F '33 3.223F 07 
?.3C!4E 0 3  3.720F 93 
3.7h2E '33 4.234E 0 3  
3.639E 03 4.094E 03 
4.094E 03 4.636E 0 3  
6.7hqF 01 
5.441E 01 
2.993F 01 
1.053E 01 
3.73RE 0 1  
R.437F 01 
h0745E 01  
4.633F 01 
30737F 0 1  
1.447E 0 1  
3. hA 1E-02 
3 Q9OF-02 
4. hOhE-02 
3.347F-02 
4.295E-02 
4 . 2 3 5 ~   n 3  
40333F 03 
4.420E 0 3  
405QRF  03 
4.505E 0 3  
4.836F  03 
4.9905 0 3  
5.133E 0 3  
5 . 2 7 2 E  03 
5.410E 0 7  
40945E 00 
6.002F 00 
4.656E 00 
40530F 00 
4.564E 00 
9.257E 00 
8.037E 00 
7.700E 00 
7.54QF 00 
7.590F 00 
85000  
80000. 
950QO 
90000 
100000.  
4.913E-02 _ _  - .  
5.221E-02  1.610k-65 4 ; 7 5 3 F  63 5.685E 03 
5.5486 03 
5.535E-02 1.524E-OS 4 0 9 1 5 E  03 5.960E 03  
5.529E-02 1.565E-05 4.A35E 01 50823F 03 
6.143E-02 1.486F-05 5.000E 03 6.0?7F 0 3  
I -45QF-05  4.670F 0 3  4.516F 00 70532E 00 
4.510E 00 7.524F 00 
4.507F 00 7.520E 00 
40504F 00 7.516E 00 
4.5O5E 00 7.51RE 00 
M A S S  FRACTION !IF 
TEYP P B  
10000. 4.994E-03 
11030. 6.23hE-03 
12000 7.494E-03 
13000. 8.51  7E-03 
24000. 9.377E-03 
15090. 1.020E-02 
16000. 1.117E-07 
17000. 1.32bE-02 
1A000. 10354F-02 
19000. 1.479E-02 
A T O M I C  HYDROGEN IS I 0.333 
H / ROTo 
GAS DENSITY IS 1.000 
S/R, CV/R,  
'CM3) 
A /  A0 
0 2  4.5h2E 07 5.014E r)l 4.296F 0 1  5.290F 01  60779E 00 
02  h.410F '?Z 5.451c 01 4.591E 01 50775E 01 7.60RE 00 
'72 9.052F 02  5oQ92E 01 1.739E 01 2.232F 01  Oo224E 00 
02 9.033E 32  50798E  01  3o195E 01 4.020E 01 Rm439E 00 
02 9.672E 02  6.094F 01 1.171E 01 1.544E 01 90876E 00 
02  1. 4E 
0 2  1.111E 
03  1.24hE 
0 3  1.407E 
0 3  1.548E 
200OPo 1.591E-02 1.663E-05 1.437E 03 1.650E 03 7.040E 01 1.973E 01 2.3R9F 01 1.263E 01  
21003. 1.69OF-02 1.681E-05 1.492E 03 1.718F 0 3  7.113F 0 1  1.194E 0 1  1.604E 01 1.342E 0 1  
22000. 1.781E-07 1.673E-05 1.579F: 9 3  1.7hbF 03  7.159E 0 1  9 o 2 8 6 F  00 l . lR5F 01 1.425E 01  
23000. 1.967E-02 1.651E-Of; 1.554E 03 1.R05E 0 3  7.192E 01 6.451E 00 90753F 00 1o502E 01 
24003. 1.951E-02 1.674E-05 1.576E 03 1.839E 0 3  7 .217F  0 1  50537E 00 Qo705F 00 1.567E 0 1  
w 
\o 0 30000. 7.445E-02 
34003 rn 2.790E-02 
32000. 2.613E-02 
'36POO. 2.99'7E-02 
3sono. 3.225E-02 
DPB E' %L 
2.700E-C'b 3.n93F 
R.908E-06 7.031E 
1 05OE-05 7.91 I €  
1.103E-C5 8.416E 
5. Qg9E-Oh  5.575E 
0 3  h o l 8 1 E  01 1.506F 
0 3  6.312E 0 1  2.650F 
0 3  h.51OE 01 3.7R9E 
03 6.734E 0 1  3.827F 
03 6.918E 01  2.897E 
0 1  1.904F 
01 3.219f 
01 40592F 
01 4.676F 
01 3.585F 
01 1.00QE 01 
01  1.029E 01 
0 1  1.070E 01 
01 l o l 2 9 E  01 
01 10192E 01 
93 1 . R 6 R F  
0 3  1.92hF 
07 1.897F 
3 3  1.954F 
03 1  e983E 
00 7.912E 00 1.664E 0 1  
00 Ro176E 00 1.620E 0 1  
QO 7oR07F 00 1.700E 0 1  
00 7.Ri17F 00 1.730E 0 1  
00 7.999F 00 l . 7 5 l E  01  
00 le057E 01 1.743E 01  
00 R.403E 00 1.76l.E 0 1  
01 1.640E 01 1.708F 01  
01  2.77RE 02 1.709F 01 
01 4.145E 01 1.751F 01 
1.4h7E-05 1 .h85F  0 3  7.37AE 01 5.319F 
0 3  7.367E 01 7.284E 
03 7.425E 01 1.251E 
0 3  7.522F 0 1  2.249F 
33 7.676F 0 1  3.40SE 
80000. 7.61 1E-02 
95000.  S.097E-02 
95000 9.039E-02 
90000. Pe562E-02 
100003. Qo514F-02 
0 3  4.OR4E 
0 3  4.254E 
03 4.41AF 
07 4.579E 
03  4.733E 
03 boA99E 
03 5.05RE 
03 5.219E 
03 5037RE 
03 5.537F 
0 3  8.465E 01 6.229€ 00 9.892s 00 2.578E 01 
03 8.51hE 01 5.530E 00 9.086E 00 2.742F 0 1  
03 8.559E 01  5.338F 00 8.861F 00 2.870E 01 
03 8.599E 01 5.277E 00 Ro789E 00 20984E 01  
03 R0635F 01 5.254F 00 9.761E 90 3e091E 0 1  
00 P0749F 00 3.194E OL 
00 8e739E 00 3.481E 01 
00 Rm741E 00 3.388E 01 
00 8.o739E 00 3.572E 01  
00 8.744E 00 3.291s 0 1  
0 3  80669E 0 1  5.245F 
0 3  8.730E 01  5.239F 
03 R.759E 01 5.238E 
03 R.701E 01 5.241F 
0 3  8.786E 01 5.217E 
u4ss 
T F Y P  
IOO30. 
11000 
12300 
13000. 
14000. 
15000.  
1 h O Q O  
1 R O O C .  
1900r). 
17000.  
FQ ACT I O Y  3F 
P B  DPB H / ROT, cv/s, CP/R, A / 4 0  
4.547E-06 
1 0 7 9 E " X  
1.9L3E-05 
2.543E-05 
Z.324F-05 
2.603E-1)5 
2. h16F-05 
2. b56E-05 
2.731 E - 0 5  
2 .90 lF-05  
4.302E  32 4.99lF r)2 
9.59bE 02  1.096E 03 
6.277F 07 a.359F  02 
6.?75F 07 7.150F 02 
1.050F 0 7  1.192E  03 
5.027F 01 
5.540F 0 1  
6e r l l 6E  0 1  
6.492E  01 
b.32RE 01  
4.718E 01  5.944E 0 1  6.869E 00 
5.790F 0 1  7.390E 01  7.760F 00 
4.845F 01 6.1POE 01 8.703E 00 
2.93OF 01 3.733F 0 1  90513E 00 
L.625E 01  2.133F 0 1  1.040E 0 1  
1.5h4E 01 1.1.08E 01 
1.722E 0 1   l o 1 3 6 E  01 
2.594E 01 1.1Q3F 01 
2.272E 01 L 0 2 4 9 E  OL 
1.709E 0 1  1.31QE 01 
L.291E 01 1.399E 01 
1.037E 01 1.479E 01 
9.102E 00 1.54RE 0 1  
P.4hOE 00 1.606E 01  
7.2R7E 01 1.155E 01 
l . l O l E - 0 2  
1 439E-07 
1 569E-02 
1 h92E-07 
1.923E-02 
1.965E-02 
2 0 109E-02 
1 . 2 ~ 8 ~ - 0 2  
1.253E  03 
1.309F 03 
1.379E 0 3  
1.465F 0 3  
1.551F 0 3  
6.594E 01  
h.hSOE 0 1  
h.754F 01 
h.rjFI9F 0 1  
h.974E  01 
1.15RF 0 1  
1.312F  01 
1.509F 01 
1.77hF 01 
2.066E 0 1  
20000 
2 1000. 
22or lo.  
23000 
740QD. 
2 246E-02 - - - . . - - . 
2.374F-Q2 2.9175-05 
2.496E-02 2.7R3F-05 
2.h14F-02 2.738F-05 
2.73CF-02 2.699E-05 
7.97RF 05 L .h?Or 03 
1.473E 03 
1.713F 03 
1 .74RF 0 3  
1.7QOF  03 
7.052F 0 1  
7.105E 01  
7.142E 0 1  
7.170E 0 1  
7.193F: D L  
7 . 2 1 4 F  r ) L  
7.233F 0 1  
7.251F 0 1  
7 . 2 6 9 E  0 1  
7.295E 01 
7.30l.F 01 
7.335E 01 
7.372E 0 1  
7.423E O L  
7.4?5E 01 
7.590E 01 
7.69hF 01  
7.76hE 0 1  
7.79SE 01 
7 .R95E 0 1  
7.95hE 01 
9.042E 01 
8.002E 0 1  
8.113E 0 1  
9.079E 01 
R.145E 01  
8.175E 0 1  
R.203E 01  
R.255E 0 1  
8.229E 01 
1 . 2 9 2 F  01 
9.377E 00 
6.935F 00 
5.827E 00 
5.255F 00 
7 5000 
27000.  
25033. 
29000. 
29009. 
3ooon. 
0 12033.  
34000.  
3 6 0 0 0  
35033.  
400OO. 
43090. 
4 5 0 0 0 .  
44ono. 
50000.  
55000  
50000 
65000. 
700'30. 
75000  
2 .  h39F-05 
2 . 5 9  LF-05  
7.544E-05 
2.45AE-05 
2.50OE-05 
7.350E-05 
2.41 RE-05 
?. 301E-05 
7.341F-05 
2-29   2E-05 
4.977E  00 
4.R39F 00 
4.759F 00 
4.779E 00 
4.742E 0 0  
9.139c 00 
7.955E 00 
7.973F 00 
1.653E 01 
1.770F 01  
1.7h3E 01 
1.792E 01 
1.h94F 0 1  
7.850F 00 
7.886f 00 
1 .954F 03  
2.014E 0 3  
2.093E 03 
2.298E 0 3  
2 . 1 7 2 ~   0 3  
2.460F  03 
2.7R9F 03 
7.855F  03 
3.093E 0 3  
3.266E 0 3  
?.634E P3 
3.422E 03 
3.574F 03 
3.725F 0-3 
3.A76F 0 3  
4.026E  03 
4.177E  03 
4.327E 0 3  
4.478E 03  
4.528F 0 3  
4.997F 00 
5.599E 00 8.695F 00 1.840E 0 1  
L.915F 0 1  
7.24AF 00 1.06LF 0 1  1.529E 0 1  
1.093E 01 1.475F 0 1  l o A 0 6 E  OL 
l .hlhE 0 1  2.072E 01 1 . A 1 2 E  01 
8.C)OSE 0 0  
4 bP3E-02 
4.995F-07 
5 Z S O E - 0 7  
5.423F-02 
h.OShF-02 
6 . 7 1 1 ~ - 0 2  
7.326E-02 
7.93gF-02 
9.162E-02 
S 55OF-02 
9.773E-02 
1 03 S E - 0 1  
1.100E-01 
L.161E-01 
1.222E-01 
2 . 45OE-05 
?.575€-05 
7 .  hh7F-05 
2.500E 01 
2.42l.F 01 
1.953E 01 . 
10920E 01 
2.007E 0 1  
2 o O S B F  01 
2.327E 01 
Z.77T)E 0 3  
2;645C-O5 2.321F: 0 3  
2.h9OE-05 2.495F 03 
2.597F-r35 
2.495F-05 
2.401 E-05 
2.237E-05 
2.315E-05 
2.hG5E 03 
2.701F 9 3  
2.793E 03 
2.884F 0 3  
2.974F 0 3  
5.090E 00 8.420E 00 2.672E 01  
4.999E 00 @.3@2€ 00 2.790E 0 1  
4.956F O@ Ao2h7E 00 2.999E 01 
40945E 00 9.249F 00 l " I 0 2 E  01  
5.457F 00 9.943E 00 2.530F 0 1  
R.242E 00 3.10lE 01 
9.239F 00 30196E 01 
8.236F 00 3.289E 01  
8.235Fr 00 3o380E 01 
8.234E 00 3o467E 01 
85000. 
s o 0 3 0  
90000.  
95000 . 
100000. 
2.167E-05 3.065E 0 3  
20044F-05 3.245F  03 
2.103F-05 3.155F 03 
1.9R9E-05 3.336E 03 
1.919E-05 3.476€ 0 3  
4.940E 00 
4.93hE 00 
40937E 00 
4.936E 00 
4.935E 00 
b44.55 
T F V P  
10000. 
11000. 
12ooc.  
13390 
14000. 
FRdCTION  gF 
PR 
R . 4 5 3 E - 0 3  
1.07RE-02 
1.35OF-02 
i. 6 0 2 ~ - 0 2  
1. R07E-02 
2 - 1 3  1E-Cl2 
1 979E-02 
Z .  437E-07 
2.253E-02 
2.591E-02 
A T O M I C  HYDRTIGFN T S  0.800 G A S  D E N S I T Y  IS l.O(\r)0F-OS ( G R / C w 3 1  
DP 9 E / ROTo H / ROTo S /  R, CV/R, C P / R o  A / A O  
5.827E-06 3.957F 07 4.463E 02  4.359F 0 1  4.153E 01 5.143F 01  6.440E 00 
2.572E-05 7.5h9F 02  R0534E 0 2  5 .2A lF   01  40887E 01 60289E 01 S.ZO6E 00 
1.43OF-05 5.635E 0 2  h.40F?E 0 2  4.RZlE 01 5.374s 01 6oA81E 01  7o286E 00 
3.802F-05 9.944F 0 2  1.124E 0 3  5.7!37€ 01 1.773F 01 2.307F 01 9.865E 00 
3.39OF-05 9.057E 02 1.020F 0 3  5.607E 01 3.191E 01 4o076E 01 9.053F 00 
3.932E-05 1.044E 03 1.1R6E 03 5o992E 01 1o071F 01 10459F 0 1  1.064E 0 1  
3.934E-05 1.079c 0 3  1.2tI.E 03  5.943E 01 8-654F  00 1.207E 01  1 -122E 01 
3.996F-OS l . lR4F  03 1.370E 0 3  h.ln7E 01 90494E 90 1m297F 0 1  1 0 2 2 h E  0 1  
3.901F-05 1.144F 03 1.322F 03 5.953F 0 1  1.030F 01  1 .395F  01 1.179E 0 1  
3.913E-05 1 . 1 1 1 E  ’33 1.275F  03.996E 01 9.346F 00 1.277E 01 1.150F 01 
20000. 
21000. 
22’000. 
23000. 
24000. 
3 0000. 
32000. 
34000 
36000 . 
’38000 
40000. 
c; lon60 
44000 
50300 
45000. 
55000. 
6 5 0 0 0 .  
75000. 
53003 
7000@ 
95000 
ROOOO.  
95000 
90000. 
\00000 
4.147E-02 
4.424F-02 
41 704E-(32 
4.9!?RF-02 
5.29  1E-02 
7 .  S27E-02 
9 25 5E-02 
9.542E-02 
9.967E-02 
1.0hSS-01 
1 210E-01 
1 139F-01 
1.353E-01 
1.2RZF-01 
1 474E-01 
3.229E-05 1.357F 0 3  l .694E 03 6.344F 0 1  4.165F 00 6.907F 00 1.717F 01 
3.049E-05 1.451r  03 1.7RSE 0 3  6.399E 01 4.RSlF 00 7.696E 00 1.783E 01 
3.130F-05 1.419F 3 3  1.735F: 0 3  6.372E 01 4.349F: 00 7o109E 00 l o 7 6 l E  0 1  
2.953E-05 1.543’  93 1.920F 0 3  6.4hRF 0 1  70902F. 00 l o I 0 Q F  0 1  1.790E 01 
2.9RQF-05  1.491€ 03 1.849E 03 h.430E 01 6.061E 00 9.012E 00 1.782E 01 
Y 4 S S  F R 4 C T l n Y  OF 
TE YP P 0  
5.407F-05 8 067F 
5.426E-05  P.323E 
5.346E-05  6.50 1 E  
5.241E-05 3.645E 
5.126E-05 80773F 
5.r)ObE-05 R.R92E 
4.595E-05 9.007E 
4.759E-05 9.121F 
4.685E-05 9 .232F  
4.590E-05 9.344F 
4.501E-05  9.455E 
4.413E-05  9. 65F 
0 7  
32  
0 2  
02 
02  
0 2  
02 
02  
0 2  
02  
9 2  
02 
02  
02  
0 2  
0 2  
02 
02 
02 
0 2  
03 
93  
0 3  
03  
03 
' Y  IS 1.OOOOf- 
CV /Ro 
'C Y 3  1 
A / A O  
0 3  
0 3  
03 
0 3  
03 
0 3  
0 3  
03 
0 3  
03 
9.136E 0 2  
9.477E 02  
9.733E  02 
90953E 03 
l.OlhE 03 
1.035E 03 
L.054E 0 3  
1.073E 03 
1.09LF 03 
1.llOE 0 3  
4.727F 0 2  30493E 01 4.033E 01  5.176E 01 6.237E 00 
3.295E 0 2  3.152E 01 3.003E 01 30717F 01 5.515E 00 
6.365E 0 2  30@47E 01  3.892F 01 5.040E 01 7.043F 00 
7.73LE 0 2  40115E 01 2.706E 01 30472E 01 7.804E 00 
8.612F 02  4.271E 01 1.541E 01 1.997F 01 8o506E 00 
4 . 7 5 2 ~  01 8 . 7 4 3 ~  00 1.187~ 01 9.217~ 00 
4.397E 01 50651E 00 5.179F 00 00937F 00 
4.42hE 01 4.2'76E 00 6.547E 00 1.059E 01 
4.449F 01 30651E 00 5oR04E 00 1.113F 01  
4.468F 01 3.352E 00 5.446F 00 1 .15RE 01 
01 3.201E 00 
01 3.121s 00 
01 3.076E 00 
01 3.050E 00 
01 30035E 00 
l o 1 4 h F  0 3  40565E 01 3.019E 00 
1.128E 03 4.553E 01 3.025E 00 
1.165E 0 3  4057hE 01  3.015E 00 
1 . 1 9 3 F  03 40537E 01 3.012E 00 
10201E 0 3  4.598E 01 3.009E 00 
1.220E 0 3  
1 o293F 0 3  
1.330E 0 3  
1.366E 03  
1.256E 0 3  
1.403E 03  
1.439E 03 
1.47hf  0 3  
1.586E 03 
1 o7h9E 03 
1.677F 03 
l o e 6 O F  03 
2.043F  03 
I .494E 03 
1.952E 0 7  
4 .4R4F: 
4.500E 
4.514E 
4.541E 
4 528F 
5.168E 
5.112E 
5.061E 
5.266F 
5 o 0 P  2E 
00 1.196E 01 
00 ' L . 2 3 1 E . 3 1  
00 1o263E 01 
00 1.293E 01 
00 1.322E 01 
4.60RE 
4.627E 
4  .h46E 
4.663E 
4.679E 
4 . 694F 
4.709E 
4.723E 
4.761E 
4.790E 
4.816E 
4 0 840E 
4. A62E 
4.883E 
4 . 7 ' J O E  
01 3.00RE 00 
01 3.006E 00 
01 3 D o o 5 F  00 
01 3.005E 00 
01 3.004E 00 
OL 3.004E 00 
01 3.003E 00 
01 3.003S 00 
01 3.003F 0 0  
01 3.003E 00 
01 30003E 00 
01 3.003E 00 
01 3oOO2F 00 
01 3.002E 00 
01 3.002E 00 
85000. 103f?3E-01 2.455E-05 1.605E 0 3  20226E 0 3  4.921E 01 3.002E 00 
80000. 1.301E-01 2.53OE-05 1.550E 03 2.135E 0 3  4.902E 0 1  3.002E 00 
90000. l i 4 6 4 E - 0 1  2.386E-05 l o 6 6 0 E  0 3  2031AF 0 3  40938E 01 3.002E 00 
9 5 0 0 0 .  1.545E-01 2.323E-05 1.715F 03 2.409E 0 3  40954E 01 3.002E 00 
100000.. 1.627E-01 Za265E-05 1 0 7 6 9 F  07 2.5OIE 03 4.969E 01 3.002E 00 
5.048E 
5.041F 
5.035F 
5.030E 
5.027E 
5.036F 
5.021E 
5.022E 
5.019E 
5.0 lQE 
5.01 7E 
5.015F 
5.016E 
5.014E 
5.015F 
5.012E 
5.013F 
5.012F 
5.011E 
5 e 0 1  OF 
5.01 OE 
5 o O 0 9 F :  
5 O09F 
5 OO8E 
5 o O O R F  
00 1.350E 01 
00 1.429E OL 
OC! 2.403E 0 1  
. O O  1 m455E 01 
00 1.4ROE 01 
00 1.529E 01 
00 1.576E 01 
00 1.672E 0 1  
00 1.666E 0 1  
00 1.7lOE 0 1  
00 1.752E 01 
00 1.793E 01 
00 1.813E 0 1  
00 1.912E 01 
00 1.371E 01 
00 2.005E OL 
00 2.094E 0 1  
00 2.180E 01 
00 2o262E 01 
00 2.342E 01 
00 2.419E 01 
00. 2o493E 01 
00 2.566E 01 
00 2.636E 01 
00 2.704E 01 
M a s 5  
TEYP 
S DENSITY IS 1.0000E- 
SIR, CV/R, 
09 (GR/CH3) 
CP/R, A / A O  
10000 
11000. 
2 060E-04 
2.299E-04 
2 6 LOE-04 
3 07SE-04 
3 0 78 8E-04 
01 
01 
9.732E 01  
1.215E 0 2  
1.805E 0 2  
5.033F 0 2  
2.993F 0 2  
3.260E 0 1  3oR03F 00 
3.316F 01 8.945F 00 
4.970E 00 5.364E 00 
1.059E 01 5.376E 00 
4.784E 01 6 0 O 4 l E  0 0  
2.372E 01  5.604F 00 
70R45E 01 5.701E 00 
3.974E-09 1.339F 
1.523F-OR 2.434F 
4.339F-08 4.35hF 
0 7  
02  
0 2  
3.438E 01 2.054E 01 
3.676E 01 40r)SSE 01 
4.064F 01 6.396E 01 
15000 
1 6000 
17000 . 
1lJo00 
19000 rn 
4.7411E-04 
5 762E-04 
6. 593E-04 
7.215E-04 
7. 716E-04 
9.405E-08 6.Q55F 
1.’497E-07 9.443E 
1.996E-07 1 19 1E 
1.953E-07 1 . 1 O A E  
2.023F-07 1 0 2 3 1 F  
02 
02 
03 
0 1  
3 3  
7.803E 02  
1.047E 03 
1.226E 0 3  
1.319E 0 3  
1.369F  03 
1.400E 0 3  
1.424E 0 3  
1.444E 03 
1.4fJ4F 03 
1.4A3E 0 3  
4.554E 01 7.404F 01 
40993E 01 5.798E 01 
5.26SE 01 3.194E 01 
5 0454E 01 70949F O @  
5.394E 01 1.52RE 01 
9.253E 01 7.521E 00 
7.124E 01 8m334E 00  
3.867F 01 9.032E 00 
1.899F 01 9.699E 00 
1.060F 01  1.045F 01 
20003 . 
21090. 
22000. 
2 7 0 0 0  
24000. 
75000. 
76000. 
2 7 O N  . 
29000 
29000 . 
5.487E 01 5.056E O@ 7.329E 00 1.124E 01 
5.508E 01 3.907E 00 6m030E 00 1.191E 01  
5.525E 01 30437E 00 50498E 00 1.242E 0 1  
5.540E 0 1  3.244E 00 5.299F 00 1.280E 01 
5.554F 01 3.28’3E 00 5.312F 00 10306F 01 
03 
03  
0 3  
93 
03  
9.939E-04 
1sRlPE-07 1.320E 
1.799E-07 1.334F 
1.772E-07 1.353F 
1.776E-07 1.381F 
1 82OE-07 1 42 9F 
03 
9 3  
03 
1.503f   03 
1 . 5 2 5 E  0 3  
5 .5h9F  0 1  30550F 00 
5.593E 01 4.306E 00 
5.602F 01 6.047F 00 
5 o630E 01 90753E 00 
5.675E 01 1.669E 01  
5059RF 00 .1.316F 01 
6.4lqF 0 0  1.304E 0 1  
8.331F 00 1.276E 01  
1.239E 0 1  1a249E 0 1  
2000QE 01 1.239E 01 
i . 5 5 1 E  03 
1.587F: 03 
1.643E 03 
0 3  
9 3  
P 
E 30000. 
32003 
34000 
,36000. 
38003 
1.2h3F-93 03 
03 
0 3  
93 
03 
2 . 0 8 6 ~   0 3  6 . 0 3 ~  oi 6 . 1 2 7 ~  01 
1.734E 0 3  ~ ~ 
2.679E 0 3  6.488E 01 8.516E 01 
30345E 03 60?70E 0 1  70R37E 01 
3.37OF 03 7.326E 01 5.212E 01 
4.197E 03 7.531E 0 1  2.901F 0 1  1056hE 01 1.744E 01 
4.502E  03 70695E 01 9oR41E 00 1.357E 01 1.983E 01 
4.3R5E 0 3  70537E 01 1.599E 0 1  2.055E 01 1.857E 01  
4.547E 0 3  7.715E 01 8.175F 00 1.16RF.01 2.045E 01 
4.717E 03 7.7RlE 01 5.164F 00 8.270E 00 2.292E 01 
5.749F 01 2. R06E 01 30303E 01 10247E 01 
7.299F 01 1.309E 01 
1.041E 0 2  1.411E 0 1  
9.594E 01 1.528E 01 
6.32bE 01 1.63QE 01 
2.379E-03 
2 . 5 4 1 E - 0 3  
2.683E-03 
20750E-03 
3,068E-03 
03 
D3 
03 
03 
03 
3.’378€-0-5 
3 696E-Of 
3.993E-03 
6.332E-  07 4.258F 
h.067E-07 4.342E 
5.831E-07 4.425E 
5.4’30E-07 4.590E 
5.620E-07 4.507E 
03 
03 
03 
03 
03 
4.9hlE 03 
5.000F 0 3  
5.138E 0 3  
5.413E 0 3  
5.276E  03 
7.827E 01 4.657E 00 
7.904E 01 4.51SE 00 
7.867E 01 4.547F 00 
7.937E 01 4.50RE 00 
7.969F 01  4.505F 00 
70997E 01  40503F 00 
8.025E 01 4.503E 00 
R.050E 0 1  4.507E 00 
8.075E 01 4.502F 00 
8.098E 01 4o502E 00 
7.691F 00 2.443E 01 
7.564E 00 2.562E 01 
7.529E 00 2.669E 01  
7.518F 00 2.771E 01 
7.513E 00 2.869F 01 
7.510E 00 1.054E 01 
7.509E 00 30143E 01 
7.509F 00  3.229E 01 
7.508F 00 3.313E 01 
7.511E 00 2.963E 01 80000 
85000. 
95000 
90000 
10000@ 
4.916F-03 5. 259E-07 4.672E 
4 95 9E-07 4 0 837F 
4.705E-07 5.002E 
5.102E-O7 4.755F 
4.827E-07 4.919F 
03 
03 
03  
03 
03 
5.550E 0 3  
50825E 0 3  
50962E 03 
6.09QE 0 3  
5.687F 0 3  5 I223E-03 
5 530E-03 
5.83 RE-03 
6 145E-03 
M A S S  F R A C T I O N  OF 
TFMP P R  
21000. 7.169E-04 
10000. 5.994E-04 
12000. R.044F-04 
14000  9. h6'F-04 
13090.  8.R25E-94 
20000.  1.625E-03 
2100P.  1.709E-03 
22000.  1.797F-03 
24000 1 eQ56E-03 
23000. 1. R74E-03 
30000.  2 . 4 5 7 F - 0 3  
32003.  2.656F-03 
AT P I C  HYDQ 
DPR 
3 545E-07 
2.587F-07 
3.791F-07 
3.807E -07  
3.923E-07 
4.37OF-07 
5.042E-07 
5.537F-07 
5.72OE-07 
5.713E-07 
5.627E-07 
5.527E-07 
5.269E-07 
5.402E-07 
5.111 1F-07 
5 079E-07 
4.oR5E-07 
4.900E-07 
4. S29F-07 
4.792E-07 
4.77hE-07 
5 .  h h 5 F - 0 7  
4.Q87F-07 
40000.  3.737E-03 
4 2 3 0 0 .  7.962E-03 
45000.  4.269E-03 
44000. 4.169E-03 
50000. 4.754E-03 
8.01 7F-07 
8.149F-07 
9 - 1 1  '3E-07 
7.72RE-07 
Po054E-07 
70000. 6.6h2E-e3 
75000.  7.139F-03 
89000.  7.614E-03 
8 5 0 0 0 .  8.090F-03 
9000!, . R. 566E-03 
95000.  9.042E-03 
100000. 9 .51  B E - 0 3  
6; 5S4E-07 
6 '333E-07 
CIGFN I S  0.333 G A S  D E N S I T Y  IS 1.0000€-0? IGRICM3) 
E / ROTo H / ROTo S I R q  C V / R ,  tP/R, %. A /A0 
6.214F 0 2  7.017F 0 2  6.110E 01 5.070E 0 1  h.259E 01 7.429E 00 
7.562E 02 R.523E 0 2  6.463E 01  2.366E 01 20943E 01 Ro321E 00 
8.502E 02 9.684E 02 6.680E 01 1 . 1 O R E  01 1.440F 01 90553E 00 
8m140F 02 90219E 02  6.601E 01 1.066E 0 1  l o 4 l 4 F  01 9.203E 00 
9.115E 0 2  loP4l .E  03 6.804E 01  20478E 01 2.975E 01 9056hE 00 
1.041E 0 3  l . 1 8 5 F  03 7.046E 01  4.469E 01 5.314E 01 9.9S7E 00 
1.214E 03 1.377E 0 3  7 352E 01 4.585F 01 50501E 01 1 m05F1F 01 
1.354F 03 1.534E 03 7.585E 01 2.978E 01 3.631F 01 1.130E 0 1  
1.436E 03 1.630E 0 3  7.713E 01 1.604E 01 2.055E 01 1 0 2 1 f E  01 
1.4RlF 03  1.687E 0 3  7.779E 0 1  9.2QSC 0 0  1.292F 01 1.307E 01 
l.hOlF 03 1.874E 07 7.931E 0 1  4.hh8F 00 7.hA4E 00 1.642E 0 1  
l e h l R E  03 1.907F 03 7.Q49F 01  4.941F 00 709h9E 00 1.664F 0.1 
1.636E 0 3  1 .93 lF  0 3  7.96RE 0 1  5.2R4F 00 FI034RE 00 lmh72E 01  
lmh57E 03 1.964F 0 3  709RQF 01 h0252E DO 9.4C2F 00 1.66l.E 01  
1.683E 0 3  2.001E 03 S m O 1 4 E  01 8.1R5F 00 1.152E. 01 1m635E 01 
l . 7 l Q F  0 3  2.049E 0 3  3.047E 01  1.171E 01 1.541F 01 1.6UBE 01 
1.950F 0 3  2020hF: 03 9.162E 01 2.567E 01 3.111E 01 1.536E 0 1  
2.106E 0 3  2.495F 03 R.374E 01 4.347F 01 5o lR9F  0 1  1.644F. 01 
2.755' 0 3  3.222E 0 3  8 . 9 6 7 E  01 304h7E 01 4.230F 01 1.821E 01 
2.356E 03 3.457F  03 9.00PE 01 20100F 0 1  2.660F 0 1  10935E 0 1  
3.153E 03 3.712E  03 9.139E 0 1  6.757E 00 1.272E 01 20201E 0 1  
3.1R3E 03 3.755E 0 3  9.15hF 01 7.6h4E 00 1.149E 0 1  2m264E 0 1  
3.299E 03 3.937E 03 9.?23E 0 1  5.675F 00 9.238F 00 2.493E 01 
2.45CE 03 Z.879E 03 R . 6 4 2 F  01 4.70hE 01 5.656E 01 1.726E 0 1  
3.076E 03  3.607F  03 9.OR9E 0 1  1.27hE 01 1.724E 0 1  2.066E 0 1  
3.39oF 0 3  4.10l.E 03  9.275E 01 50339E 00 8.R54E 00 2.641E 01 
3.592E 03 4.422E (13 9.363E 01 5.246F 00 Ftm746E 00 20879E 01 
3.6qRE 03 4.551F 03 9.402F 01 5.239E 00 Rm738E 00 2.98BE 01 
3.794F 0 3  4.741E 0 3  9043RE Cl 5.2376 00 80775E 00 3*0?4E 01 
3.496E 03 4.262E 03 9.321E 01 5.265E 00 8.7h9F 00 2.764E 01 
5 WOE-07 
5.629E-07 
5.783F-07 
5 . 4R7E-07 
6.1'32E-07 
A T O M I C  HYDRr)GFrJ I S  0.800 G A S  DENSITY IS 1.OOC 
O P 8  E / RJ, H / ROT, S /  R, C V / R ,  
20000. 2.763E-03 
2 1000 2.  902E-03 
22000. 3.041E-03 
23003. 3.1SOE-03 
24000. 3.319E-03 
2900C.  4.012E-03 
U 
1.366F-06 1.02hE 33  1.150F 03 5.443F: 0 1  9.585E 
1.351E-06 1 .O56F 03  1.190E 0 3  6.503E 01 7.453F 
1.331E-06 1 . O R 6 E  03 1.231F 03 6.55QE 0 1  9.382E 
1.319E-06 l . l h 5 F   0 3  1.337F  33 5.694E 0 1  9.927E 
1.374E-06 1.125F 0 3  1.281F ' I3 h.628E 01 1.14QF 
1.302E-06 1.1q6C 0 3  1.373E 0 3  6.742E 01 7.033E 
1.277E-Oh 1.218F  03 1.406F 73  h.775E 01 5.367E 
1.249E-06 l .23hF 0 3  1.434E 03 h .  800E 01 4.633E 
1.22lE-Ob 1.252F  03 1.44OE 03 b.922E 0 1  4.324E 
1.16RE-06 1.793F 03 1.511F 03 6.8hOE 0 1  4.133E 
1.194E-06 1.268E C)3 1.4A6E 03 haQ42F 01  4.192E 
1.144F-06 1.79S.F 03 1.53hF 0 3  6eR78F  01 4.107E 
-25033. 3.457F-03  1.121E-06 1.313E 33 1 .5h lF  '33 6.995F 01  .4.101F 
2 6 0 0 0 .  3.596E-03 l e l C n E - O h  1.32EIF 03  1.596E 07 6.911F 01 4.112F 
27000. 3.734F-03 1.OROE-06 1.343F 0 3   l . b l l E  n3  h.926E 01  4.152F 
29000. 3.873F-03 1.061E-06 l .35qE 03  l .636E 0 3  6.941E 0 1  4.242E 
1.04'3E-Oh 1 . 3 7 4 E  0 3  1.662E 0 3  6.957E 0 1  4.430E 
3 0 0 0 0 .  4.151E-03 1.02RF-Qh 1.3OlE 0 3  1.6QqF 0 3  6.972' 01 4.7R5F 
. 3 4 0 0 0 .  4.731E-03 Q.074F-07 1.4SRF 03 1.A27F 0 3  7.054F 01 9.291E 
32007 .  4.435E-03  1.004E-Oh  l.431E  33  1.749E 03 7.007E 0 1  6.359F 
1.022E-06 1.7DhE 03  2.113E 03  7.217E 01  7.426E 
l . r ) t l F - @ h  1.754F 0 1  ?.18?F 03 7.?4!3F 0 1  5.777E 
9.34RF-07 1.793E 0 3  2.242F 03 7.773E 0 1  4.942E 
9.R54E-07 1.S11F 83 P.270E 07 7.294E 0 1  4.710E 
9.3Q4E-07 l . R 9 2 €  0 3  2.402E 0 3  7.331E 0 1  4.285F 
01 8.661E 01 7.177E 00 
01 2.510F 01 9.079E 00 
01 5.5eqF 01 8.180F 00 
00 1.057E 0 1  1.0h4E 01 
00 1.311E 0 1  1.00nE 01 
01  1.505F 01 1.101E 0 1  
00 Ls267E  01  1.079F 01 
00 1.011F 0 1  1 - 2 3 5 E  0 1  
00 1.324E 0 1  1.156E 01 
00 8.25AE 00 1.315E 01 
00 7.433F 0 0  1.379E 01 
00 7.0RhE 00 1.42RE 01 
00 6.936E 00 1.470E 0 1  
00 hm83RE 00 1.540E 01  
00 6.867E 00 1.506E 01 
00 6.829F 00 1.572E 0 1  
0 0  h . S O O E  00 l.hO?F 0 1  
00 6.981F 00 1.654E 01 
00 7.185E 00 1.672E 01 
00 7.573F 00 1.6SOF 01 
00 9.342F 00 20668E 01 
00 1.25SE 01 1.655E 01 
0 1  1.473E 01 1.685E 0 1  
00 1.331F 0 1  1.759E 01 
0 0  h.992F 00 1.630E 01 
00 1.06l.F 01 1.862E 0 1  
00 S.774F 00 1.971F 01 
00 7.839F 00 2.064E 0 1  
00  7.579E 00 2.103E 01 
00 7.099E 00 2.251E 01 
8.955E-07 1.969E 0 3  2m531E 03 7.371E 01 4.212E 00 7.016E 00 2a36RE 0 1  
Rm247E-07 2.123F 0 3  7.7R7E 03 7.441E 01 4.192E 00 6.9Q2E 00 2.576E 01 
70944E-07 2.20OF 9 3  2.914E 03 7,472F 0 1  4.191E 00 6.989E 00 2.674E 01 
7.676E-07 2.274E 03 3.042E 03 7.501E 01  4.100E 00  6.9RRE 00 2a765F 0 1  
9.577E-07  2.046F  032.659F  03 7.40SF 0 1  4.196E 00 h.997E 00 2.475F 01 
PASS FRACTION O F  
T E Y P  P R  
toono. ~ . 2 3 9 ~ - 0 3  
12000. 1.972E-03 
11000. 1.593F-03 
13000.  2.OR2E-03 
14000 2.263E-03 
2 0 0 0 0 .  3.251E-03 
210000 7.414E-03 
27000.  . 3.577E-03 
23002 3.740E-03 
2400(! 3.902E-03 
25000 400h5E-03 
27000 4.39  1E-03 
250CKl. 4.22RE-03 
P 28933.  4.553E-03 
P 
QI 
2 9 0 0 0 .  4.716E-03 
30000. 4.R79F-01 3rool,; 5 ;  204F-Oj 
34000 5. 510E-03 
36003.  5 .  A56E-03 
45000; 7; 320F-os 
50000.  9.134E-03 
5 5 0 0 0 .  5.94AE-03 
60000. 9.762F-03 
65000  1 05RE-02 
75000.  1.2206-07 
80000. 1.302E-02 
55000  1.383E-02 
90000 1 465E-02 
100000 1.627E-02 
95000  1 54hE-02 
70000. 1.139E-02 
A T O M I C  H Y O R O G E Y  I S  1.C00 
O P R  € / ROTe H / ROTo 
5.54hE-C7  4.EIll.E 3 2  5.3h9E 
1.493F-06 4.53hF 02  7. 51E 
1.558E-06  9.025E 3 2  1.056E 
1.596E-06  8.914E 0 2  1.03flF 
1.523F-06 9.135E 0 2  1.074E 
1.490E-06 9e245€  02 1.093E 
1.45RF-Oh 9m355E 02  1 . 1 1 1 E  
1.402E-06  9.57bE 0 2  1.144F 
I. 42W-C6 9.Gh5F 02 1.129E 
1.376F-06 9.694E 02  1.156E 
1.328E-06 9.904E 0 2  1.202E 
1.351E-06  9.794E  02  1o184E 
0 2  3.999E 
0 2  4.449F 
O Z  4.h85E 
0 2  4 . 7 S l F  
0 2  4.827E 
9 3  4.947E 
0 3  4.967E 
0 3  4.97hF 
0 3  4.989F 
0 3  5.002E 
'CM?) 
A /  A0 
01 7.930F 00 
00 9.471E 00 
0 1  8.645E 00 
01 50279E 01 6.723E 
01 3.781F 01 40749E 
01 1.753E 0 1  20213F 
01 Ro025E 0 0  1.0P6F 
01 4.797E 00 70089E 
02  4.8556 01 3.6QlE 00 5.824E 00 1.015F 0 1  
0 2  4.87RE 01 3.296E 00 5.162E 00 1.05hF 9 1  
0 2  4.897E 01  1.179E 00 5.177E 00 1.107E 01 
0 3  4.915E 01 3.071F 00 5.097F 0 0 .  l .143E 0 1  
0 3  4.931E 01  3.039F 00 5.059F 00 1.176E 01 
0 1  3.023F 00 5.040F 00 1.2OPE 01 
01  3.015F 00 5.029E 00 1.239F 01 
0 1  3.010E 00 5.023JE 00 1.268E 01 
01 3.007E 00 5.020E 00 1.296E 0 1  
01  3o006E 00 5.017E 00 1.324E 0 1  
0 0  1 . 3 S Z E  01 
00 1.379E 0.1 
00 1.405E 01 
00 1.43l.E 0 1  
00 1.45hF 01 
0 3  5.014E ~. ~ 
0 7  5.937F 01 3.004E 00 5.013F 
03 5 . 0 2 6 ~  0 1  3 . 0 0 4 ~  00 5 . 0 f w  
0 3  5.059E 01  3.003E 0 0  5.01?F 
03 5.04RF 01 3.003E 00 5.013E 
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